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OBJECTI\^S: 


(1)  Identify  and  evaluate  the  restoration  components  of  the  San  Simon 
watershed  project. 

(2)  Apply  knowledge  of  watershed  condition  analysis  and  activity  planning 
to  on-the-ground  control  of  runoff,  erosion,  and  sediment. 

(3)  Respond  to  the  overall  issue  of  .watershed  structure  maintenance. 


TOPIC  OUTLII^ 

I.   Itinerary  -  Field  Tour  of  the  San  Simon  Valley 

Stop  No.  Location  -  Project  Type  -  Tour  Sheet  Number 

0  Safford  District  Office,  District  Manager's  greetings, 
San  Simon  tour  handouts 

1  Barrier  Dam  -  detention  structure  (drop-chute  spillway), 
riparian  Improvement  -  1 

2  Halfway  Dam  -  detention  structure  (drop-chute  spillway)  - 
2 

3  Goat  Well  bam  -  detention  structure  (drop-chute 
spillway)  -  3 

A  Timber  Draw  Dam  Site  ~  proposed  detention  structure  -  5 

5  Hot  Well  -  artesian  well,  ORV  use  area,  (lunch  stop)  -  6 

6  Ryan  Dlkes^.-  headcut  control  and  diversion  structures, 
'revegetation  -  7 

7  San  Simon  Crossing  -  diversion  dike,  prescribed 
burn  -  9 

8  Fan  Datn  -  detention  structure  (drop-chute  spillway)  -  12 

9  Posey  Well  -  artesian  well,  wildlife,  and  riparian 
habital:  development  -  10 
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10  Contest  Well  -  mechanical  vegetation  treatment, 
vegetation  conversion  -  11 

11  Eospital  Flat  -  untreated,  relict  site  -  14 

12  Whitlock  Dam  -  failed  detention  structure  (drop-pipe 
spillwaj')  -  15 

,13  SlLckrock  Dams  -  livestock,  wildlife,  water  develop- 

ments v-.  1£  •  ^ 

14  Saf-<f.ord  District  Office 

II.  Field  Watershed  Exercise  (Saturday  morning,  April  26,  1986) 
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BIOGRAPHICAL  SKETCH 


DANIEL  J.  McGLOTHLIN 


Present  Position 

Hydro logist  -  Program  Leader  for 

Soil,  Water  and  Air  Resources  Management 

Bureau  of  Land  Management 

Arizona  State  Office  (A2-932). 

Phoenix,  Arizona 

Telephone  FTS  261-5512,  Comm  (602)  241-5512 


Education 

B.S.  -  Watershed  Management,  University  of  Arizona,  1976 


Professional  Experience 

1985  -  present,  Hydrologist,  Arizona  State  Office,  Phoenix,  Arizona 
1981  -  1985,  Hydrologist,  Phoenix  District  Office,  Phoenix,  Arizona 
1979  -  1981,  Digital  Cartographic  Specialist,  Defense  Mapping  Agency, 

Washington,  D.C. 
1977  -  1979,  Hydrologist,  American  Ag  International,  Tucson,  Arizona 


Professional  Societies 

Member,  Arizona  Hydrological  Society 
Member,  American  Water  Resources  Association 
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Course  7000.1 
Instructors:   Hudson 
Jackson 


WATERSHED  MONITORING 

Objectives 

(1)  To  be  able  to  describe  the  components  of  a  watershed  monitoring 
program  and  Integrate  those  components  Into  the  design  of  a 
District-wide  watershed  monitoring  program. 

(2)  To  be  able  to  develop  a  site-specific  monitoring  plan. 

(3)  To  distinguish  between  direct  and  Indirect  monitoring  strategies. 

(4)  To  learTi  the  basic  concepts  of  sampling  design,  data  analysis,  and 
data  interpretations. 

(5)  To  apply  common  statistical  techniques  to  the  analysis  of  data. 

(6)  To  use  a  microcomputer  to  conduct  statistical  tests. 

(7)  Given  a  proposed  monitoring  study,  be  able  to  select  an 
appropriate  experimental  design  and  outline  the  appropriate 
statistical  analysis. 

Topic  Outline 

I.  Definition  of  Monitoring:   Role  in  the  planning  process 

II.  Components  of  a  monitoring  program 

A.  Studies  (direct,  indirect) 

B.  Extrapolations 

C.  Interpretations/Evaluations 

III.  When  to  Monitor 

IV.  Establishing  Monitoring  Objectives 

V.  Watershed  Monitoring  Plans 

VI.  Direct  Monitoring  Strategies 

A.  Upslope  soil-loss  studies 

B.  Instream  discharge  and  Sediment  Transport  Studies 

C.  Channel  Geometry  Studies 
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Safford  District 

Bureau  of  Laad  Maaagemeat 

This  tour  will  focus  oa  the  effectiveness  of  erosioa  coQtroi  structures,  raage 
reseeding  projects,  wildlife  projects,  and  other  related  activities. 

1.   Barrier  Detention  Structure 

Built  in  1980  by  BLM  for  erosion  control  and  rehabilitation  and  regrading 
of  the  San  Simon  channel,  the  cost  was  il, 300, 000.   The  structure  contains 
224,000  cubic  yards  of  compacted  earthfill  and  2,684  cubic  yards  of  reinforced 
concrete  requiring  313,000  lbs.  of  steel. 

In  the  first  two  years,  the  channel  silted  in  to  tne  level  of  tne  spillway 
(17  ft.).   To  date,  the  channel  has  completely  regraded  for  about  0.5  miles  and 
partially  regraded  for  a  further  1  mile. 

Since  1982  about  300  cottonwoods  and  willows  have  been  planted  wicnln  tne 
flood  plain,  with  a  30%  survival  rate.   In  1983  aoout  30  acres  were  diskced  and 
seeded  with  good  success.   The  area  near  the  dam  (30-40  acres;  is  presently 
being  root  plowed,  disiced  and  seeded  to  replace  invading  seep  willow  and  salt 
cedar  with  more  desirable  species.   Future  plans  call  for  planting  an 
additional  300-500  cottonwoods  and  willows.   Tne  goal  is  to  eventually  tiave 
about  75%  of  the  flood  plain  in  grasses  and  forbs  and  about  25%  in  riparian 
trees  and  shrubs.   The  regraded  area  i'«-already  becoming  popular  witn  tne 
hunters  of  game  birds  and  javelinas. 
Notes : 


2.   Halfway  Detention  Dam 

This  dam  was  originally  built  in  1938  by  the  Soil  Conservation  Service.   It 
washed  out  in  the  1983  flood.   Reconstruction  has  just  been  completed.   The 
design  of  the  drop  structure  was  changed  to  be  similar  to  but  smaller  tnan  tnat 
of  the  Barrier  Structure.   A  number  of  wildlife  projects  are  being  evaluated 
for  this  area. 
Notes: 
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3.   Goat  Well  S true cure 

This  decentioa  dam  was  built  in  1940  by  toe  Soil  Coaservatioa  Service  to 
control  headcutting  in  Slick  Rock  Wash  above  tHe  San  Simon  channel.   This  sice 
is  typical  of  tne  highly  erodiDle  soil  conditions  £ound  tnrougnout  a  large 
portion  of  the  San  Simon  drainage.   This  structure  has  effectively  stopped  the 
headcutting  in  Slick  Rock  Wash,  as  noted  by  tne  sedimenffilled  channel  aoove 
the  structure,  and  the  30-foot  deep,  vertical-walled  channel  below  the 
structure.   Mote  that  perennial  grasses  are  more  abundant  behind  the  structure 
and  in  nearby  washes  than  on  the  drier  surrounding  sices. 
Notes: 


4.   New  Well  Seeding 

This  area  was  experimentally  root  plowed  and  seeded  in  l:^o6  to  replace 
desert  salcbush  wich  grasses.   The  seeding  evencually  failed  due  co  poor  soil 
conditions,  several  years  of  drought,  and  a  lack  of  plant  species  adapted  to 
the  8"  per  year  rainfall  zone. 
Notes: 


5.  Timber  Draw  Site 

This  is  the  site  of  an  erosion  control  dam  to  be  built  by  BLM  wnen  money  is 
available.   Estimate,d  cost  is  2  million  dollars.   This  is  the  last  major 
structure  proposed  for  the  San  Simon  River. 

The  structure  will  consist  of  400,000  cubic  yards  of  compacted  eartnfill 
and  2,100  cubic  yards  of  reinforced  concrete.   Ic  will  be  aoout  1  mile  in 
length.   The  average  height  of  the  dam  is  about  30  ft.   The  drop  structure  will 
be  'similar  to  that  at  the  Barrier  Structure,  with  a  width  of  110  ft.  and  will 
drop  water  a  height  of  31.5  ft. 

Wildlife  projects  for  the  Timber  Draw  Site  will  be  similar  to  those 
installed  and  planned  for  the  Barrier  Structure. 
Notes: 


6.   Hot  Well  Exchange  Area  and  ORV  Use  Area 

Hot  Well  was  drilled  in  I92d  as  an  exploratory  oil  well.   The  depth  was 

1,355  ft.   Though  no  oil  was  found,  artesian  water  was  and  it  continues  to  flow 

at  a  rate  of  300  gallons  per  minute.   The  water  is  warm,  low  in  soiuole  salts, 
but  high  in  sodium. 
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This  laud  is  presently  owned  by  ttie  State  of  Arizona.   It,  along  witn  many 
other  scattered  State  sections,  is  part  of  an  ongoing  exchange  witn  the  State 
that  is  scheduled  for  completion  by  the  end  of  tnis  fiscal  year. 

The  sand  dunes  in  this  area  are  very  popular  during  the  winter  witn  OAV 
enthusiasts,  with  many  coming  from  the  Tucson,  Sierra  Vista,  and  Douglas  areas 
as  well  as  Graham  County.   The  rancher  grazing  livestock,  in  this  area  has 
recently  come  in  witn  a  proposal  to  fence  off  part  of  his  allotment  and  maice  it 
exclusively  an  ORV  use  area.  Upon  completion  of  the  land  excnange,  &Ui   will  do 
an  evaluation  of  this  proposal. 

V 

This  area  has  great  potential  for  the  development  of  wildlife  oaoitat  due 
to  the  abundance  of  water.   Management  may  include  development  of  one  or  more 
ponds  and  the  planting  of  riparian  trees. 
Notes: 


7.   Ryan  Dikes  and  Seeding 

These  dikes  were  constructed  in  the  mid-1960s  to  prevent  tieadcutting  on  tne 
side  channels  of  the  San  Simon  River  and  to  spread  water  on  terraces  for 
revegetation.   The  dikes  have  drawdown  tubes  at  intervals  to  let  water  back  in 
to  the  San  Simon  River. 

A.  200-acre  seeding  was  done  in  1969.   Thougb  not  totally  successful,  some 
species  of  seeded  grasses  can  be  foundT*" 
Notes: 


8   Zeolite  Mines 

The  zeolite  mines  in  this  area  cover  less  tnan  3o  acres  at  present.   Tuey 
may,  however,  eventxially  cover  as  much  as  2,500  acres.   Tnere  was  a  proolem 
concerning  the  zeolite  claims  as  to  wnetner  tney  were  locataole  or  leasaole 
minerals.   The  courts  have  ruled  them  to  be  locatable.   There  are  many 
environmental  concerns  with  this  type  of  mining,  sucn  as  impacts  on 
paleontological  resources.   In  the  mined  area  camel  tracks  and  a  mammotn  tusK 
have  been  found.   At  present  there  is  a  pending  mineral  patent  application  on 
some  of  these  claims. 
Notes : 
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9.   San  Simon  Crossing  and  Prescribed  Bum  ,^.-i.<^-  '  "■ 

The  dll&e  to  the  south  of  the  road  Is  designed  to  spread  vater  on  tne 
flood-^laln.  This  area  Is  part  of  the  completely  regraded  channel  benlnd  tne 
Fan  Structure.   It  has  not  been  seeded.  The  revegatlon  has  occurred  tnrough 
natural  processes.  About  1,500  acres  were  burned  In  1982  to  control  Invading 
mesqulte  and  salt  cedar.  The  burn  achieved  a  good  top  Idll.  tiesqulte  and  salt 
cedar  rootsproutlng  has  occurred  and  vlll  be  controlled  vltn  future  bums. 
Notes: 


10.  Posey  Well  Wildlife  Development 

This  four-acre  pond  was  constructed  In  19bl  to  provide  habitat  for 
migratory  waterfowl,  shoreblrds,  and  a  variety  of  resident  wildlife.   Water  for 
the  project  originates  from  an  artesian  well  drilled  in  197J  during  exploration 
for  oil  and  gas.  Aquatic  vegetation  was  planted  along  the  Inside  edge  of  tne 

dike  to  help  prevent  erosion  of  the  dlice  and  to  provide  escape  and  nesting 
cover  for  waterfowl.   Cottonwood  and  willow  trees  were  planted  around  the  pond 

by  volunteers  to  provide  a  windbreak,  improve  aesthetics,  and  provide  nesting 
and  roosting  habitat  for  a  variety  of  birds.   Several  small  ponds  have  been 
built  in  preparation  for  the  Introduction  of  the  Federally  endangered  Gila 
topmlnnow  and  the  proposed  endangered  desert  pupfish.  Future  management  for 
this  area  may  include  the  drilling  of  Stz  additional  well  and  tne  construction 
of  one  or  more  ponds.  About  60  acres  around  Posey  Well  have  been  fenced  to 
exclude  cattle  and  vehicles.   Posey  Well  has  recently  become  buiown  to 
birdwatchers  and  the  hunters  of  game  birds  and  waterfowl. 
Motes: 


11.   Contest  Well  Seeding 

This  600-acre  site  was  rootplowed  to  a  deptn  of  16   Incnes  to  eradicate  a 
dense  stand  of  mesqulte  and  salt  cedar.   In  1966  it  was  aerially  seeded  to 
Giant  Blue  Panic  and  Bermuda  grasses.  Ttils  seeding  is  located  on  tne  sediment 
that  has  filled  in  behind  the  Fan  Structure.  The  seeding  bas  controlled  tne 

relnvaslon  of  salt  cedar.   Johnson  grass  has  also  Invaded  tne  site.   Tnis 
seeding  receives  periodic  flooding  and  is  highly  productive  as  a  result. 

Before  the  seeding  vegetation  production  was  minimal.  After  tne  seeding  tne 
vegetation  production  was  extremely  high.  Llvestocic  forage  production  nas 
Increased  marlcedly.  Wildlife  benefits  have  Increased  witn  game  and  non-game 
birds  and  other  wildlife  feeding  on  the  abundant  seed  supply  and  using  tne 
dense  cover.   Raptors  frequent  this  area  in  search  of  rodents  and  otner  prey 
items.   In  1983  volunteers  built  four  gabions  to  stabilize  areas  witn  small 
head  cuts.  They  also  planted  40  cottonwoods  and  willows. 
Notes: 
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12 .   San  Simon  Fan  Structure 

The  Fan  Structure  was  built  in  1933.   Its  installation  txas  resulted  in 
regrading  of  the  San  Simon  channel  for  about  10  miles  upstream.   The  area  that 
has  filled  in  behind  the  structure  is  20  ft.  deep  at.  the  dam  and  is  now 
supporting  a  dense  growth  of  vegetation  in  contrast  with  the  low  production  of 
the  higher,  drier  sites.   Behind  the  Fan,  floodplain  vegetation  averages  aoout 
300  acres  per  mile.  Elsewhere  the  channel  average  is  only  about  17  acres  per 
mile.  The  regraded  area  is  now  capable  of  supporting  150  cattle  per  section  as 
opposed  to  two  or  three  head  per  section  on  adjacent  land.   The  controlled  flow 
of  water  from  the  drop  structure  has  also  reduced  tne  amount  of  erosion 
immediately  downstream.  The  drawdown  pipe  releases  water  onto  a  once  barren 
flat  that  is  now  supporting  dense  vegetation.   The  water  from  tne  drawdown  pipe 
is  prevented  from  cutting  back  into  the  channel  by  dikes. 

Cottonwood  and  willow  trees  (about  250)  have  been  planted  just  soutn  of  tne 
San  Simon  crossing.  Additional  plantings  are  planned  for  the  entire  area  that 
has  regraded  behind  the  Fan  Structure. 
Notes: 


13.  Rabbit  Farm 

The  Rabbit  Farm  is  part  of  a  6^0-aAre  parcel  acquired  througb  an  exchange 
in  1980.   In  1981  approximately  80  acres  around  the  one-acre  pond  were  fenced 
to  exclude  livestock  and  vehicles,  to  protect  and  encourage  vegetation  growtn 
and  reproduction.   This  area's  riparian  vegetation  is  used  by  a  wide  variety  of 
wildlife.   Since  acquisition,  water  from  two  artesian  wells  has  nearly  ceased 
flowing.   A  windmill  was  installed  to  boost  the  flow  rate  but  has  not  provided 
enough  water  to  maintain  the  pond.   Future  plans  include  drilling  deeper  wells 
and  construction  of  a  small  pond  to  the  west  of  the  existing  pond. 
Notes : 


14.   Hospital  Flat 

Hospital  Flat  is  an  uneroded  area  on  Whitlock  Wasn.   Erosion  was  prevented 
"by  check  dams  and  water  spreading  structures  built  by  the  Civilian  Conservation 
Corps  in  the  1930s.   This  area  gives  an  idea  of  wtiat  tne  area  aoove  v^txiclocK 
Dam  looked  like  before  erosion  set  in.   Of  historical  note,  this  area  was  used 
in  the  late  1800s  to  rest  livestock  from  Ft.  Bowie. 

Notes:  ' 
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15.   Whit  lock  Dam 

This  structure  was  built  in  1968  on  Whitlock  Wash.   The  dike  is  1,250  ft. 
long,  30  ft.  high,  and  drains  an  areas  of  12.5  square  miles.   This  dam,  in  an 
area  of  extremely  fragile  soils,  shows  evidence  of  severe  erosion  above  and 
below  the  dam  that  led  to  three  washouts.   These  failures  occurred  in  1971, 
1972,  and  1982,  and  were  reconstructed  in  1972,  1979,  and  1983.   The  last 
reconstruction  was  completed  by  the  grazing  allottee. 

The  pond  behind  the  dam  benefits  a  wide  variety  of  wildlife.   future 
plans  may  include  fencing  all  or  part  of  the  floodplain  to  exclude  livestock, 
planting  of  riparian  trees,  and  planting  of  food  and  cover  species. 
Notes: 


16.   Slickrock  Dams 

A  system  of  masonry  dams  built  in  1985  by  a  permittee  to  capture  runoff 
from  bare  rock  canyon  areas  in  the  Whitlock  Mountains.  BLM  supplied  concrete 
for  constructing  14  small  dams.   Traps  were  built  to  capture  sediment  and  the 
main  reservoirs  were  lined  to  minimize  seepage  losses.   With  above  average 
rainfall  in  the  first  year  of  operation,  the  dams  were  able  to  capture  enough 
runoff  to  remain  full  for  the  entire  year. 
Notes: 
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NEW  PERSPECTIVES  IN  WATERSHED  MANAGEMENT 
ESTABLISHING  A  MAINTENANCE  STRATEGY  FOR  WATER  CONTROL  STRUCTURES  J./ 

by  Daniel  J.  McGlothlin  2/ 


The  following  points  of  my  discussion  focus  on  the  need  to  establish 
management  direction  concerning  the  maintenance  of  water  or  erosion  control 
structures. 

1.  Watershed  management  objectives  contained  in  land-use  plans  usually  fail 
to  consider  the  long-term  maintenance  needs  of  watershed  stabilization 
structures. 

-  Maintenance  of  these  large  and  elaborate  systems  of  diversion, 
detention  or  retention  structures  will  increasingly  consume  large 
portions  of  the  soil,  water  and  air  program's  base  funding  as  the 
projects  reach  the  end  of  their  design  life. 

-  Maintenance  of  these  older  projects  have  or  are  rapidly  approaching 
the  end  of  their  design  life  (usually  a  50-year  life  span). 

-  Maintenance  of  these  projects  has  historically  gone  unquestioned; 
the  need  is  presumed  there,  regardless  of  original 
objectives/ bene fits. 

2.  Maintenance  costs  continue  to  go  up,  while  available  funds  for 
maintenance  are  decreasing  each  year. 

-  Contract  costs  for  earthwork,  as  an  example,  have  increased  by 
about  a  factor  of  10  since  1950.   (Figure  1) 

-  Maintenance  or  repair  costs,  where  severe  structural  problems 
occur,  exceed  the  original  construction  costs,  in  most  cases. 

-  Many  projects  are  "maintained"  only  when  failure  of  the  structure 
is  imminent  or  has  actually  occurred,  thus  driving  the  repair  bill 
higher. 

-  Tracking  maintenance  or  repair  is  difficult  with  the  current 
records  system. 

3.  Management  objectives  for  soil  and  water  actions  should  be  clearly 
defined  at  both  RMP  and  activity  planning  levels.   Maintenance  of  water 
control  structures  should  be  included  in  these  objectives.   (Figure  2) 

-  Recent  Draft  Supplemental  Program  Guidance  for  Environmental 
Factors  for  use  in  resource  management  planning  purposes 
establishing  a  maintenance  strategy  for  existing  erosion  or  water 
control  structures  and  treatments. 


2^/Presented  at  BLM  National  Rangeland  Program  Workshop,  January  28-31,  1986 

2^/Hydrologist ,  Division  of  Lands  and  Renewable  Resources,  Arizona  State 
Office 
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-  The  Willow  Creek  Interdisciplinary  Watershed  Activity  Plan, 
developed  by  Lewistown  District  Office,  is  the  first  recent 
activity  to  propose  a  long-term  maintenance  strategy. 

-  The  San  Simon  Coordinated  Resource  Management  Plan,  developed  by 
Safford  District  Office,  focuses  on  key  resources  management 
objectives  within  a  watershed  project  area. 

-  Original  objectives  for  water  control  structures  may  no  longer  be 
valid  and  should  be  evaluated,  as  these  two  plans  do,  in  light  of 
present  resource  conditions  and  the  reality  of  our  budget 
constraints.   (Figure  3) 

Present  day  conditions  in  our  program  dictate  the  need  for  adopting 
management  objectives  for  watershed  stabilization  projects.   Managers 
and  soil  and  water  specialists  need  to  be  thinking  about: 

-  Maintaining  an  old  project  versus  building  a  new  project  and  the 
equivalent  benefits  derived  from  each  action. 

-  Establishing  site  specific  watershed  objectives  if  original  project 
objectives  are  no  longer  valid  or  should  be  modified. 

-  Quantifying  of f-site/on-site  benefits  and  distinguishing  between 
the  two . 

-  Developing  long-term  maintenance  strategies  that  address 
attainable,  economically  feasible  resource  management  objectives. 

-  Determining  those  benefitting  activities  for  cost-sharing  the 
maintenance. 
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ESCALATING  COST  FIGURES 
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Source:  Official  contract  files  bid  price/payments,  1950-1964 
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MAINTENANCE    OBJECTIVES 


-  Continued  Maintenance  at 
Present  Levels 


-  Reconstruction  & 

Major  Enhancement 


-  Prioritized  Maintenance 


-  Abandonment 


Figure    2 


^     PLANNED     OBJECTIVES    -    THEN 

(50's  &  60*8) 


-  Reduced  flood  &  sediment  damage 
-.  Restored  cover  arid  forage 

-  Improved  habitat 

-  Increased  water  yields 
-Increased  recreation  opportunities 

-  Reduced  pumping  costs 


Figure   3 
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WATERSHED  ACTIVITY  PLANNING  EXERCISE 
Objectives; 

1.  To  be  able  to  determine  the  cause(s)  of  a  typical  watershed  problem 

2.  To  be  able  to  formulate  alternative  prescriptions  for  treating  the 
problem 

3.  To  be  able  to  use  a  microcomputer  to  model  storm  runoff  and  reservoir 
routing  for  design  purposes 

4.  To  be  able  to  outline  a  watershed  activity  plan 
Topic  Outline: 

1.  Elements  of  a  Watershed  Activity  Plan 

2.  Watershed  Problem  Analysis 

a.  Identification  of  the  resource  problems/management  issues 

b.  Watershed  "sleuthing"  (identification  of  sources/causes) 

3.  Activity  Plan  Formulation 

I  a.   Set  specific  objectives  for  what  you  want  to  accomplish, 

b.  Formulate  alternative  actions  (prescriptions)  for  solving  the 
problem. 

c.  Analyse  each  alternative  for  technical  feasibility,  risk,  exposure, 
and  economics. 

4.  Use  of  SCS  CN  Model  to  Simulate  Rainfall  Runoff  for  Design  and  Problem 
Analysis 

5.  Use  of  a  Reservoir-Routing  Algorithm  for  Structure  Design 

6.  Use  of  CHANL  and  MCHANL  for  Channel  Geometry  Computations 
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BIOGRAPHICAL  SKETCH 
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WATERSHED  PROBLEM  ANALYSIS  AND  ACTIVITY  PLANNING 

FIELD  EXERCISE  FOR  BUREAU  COURSE  7000-1 

SAFFORD  DISTRICT,  APRIL  26,  1986 


LOCATION:    Tributary  to  San  Simon  River,  San  Simon  Resource  Area 
Approximately  15  miles  SE  of  Safford,  Arizona 

PROBLEM:     A  permittee-installed  diversion  dike  located  below  the  Halfway 

Detention  Dam  has  breached.   Flood  flows  occasionally  damage  the 
road.   Serious  headcutting  is  progressing  upstream  from  the 
tributary's  confluence  with  the  San  Simon  River. 

MATERIALS:    Each  group  will  be  given  color  air  photos,  7  1/2'  quads  and 

pertinent  information  about  the  watershed.   An  SCS  soil  survey 
report  will  be  available  for  reference.   Channel  cross-section 
data  for  the  natural  channel  just  above  the  road  will  be  given  to 
each  group  at  the  beginning  of  the  exercise. 

PROCEDURE:    Enough  time  will  be  given  (approximately  1  1/2  hours)  to  walk  the 
area,  assess  the  problems  and  their  causes,  and  collect 
information  for  the  hydrologic  analysis  to  be  done  on  Monday. 
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FIELD  DATA   Plan  on  collecting  enough  information  to  select  curve  numbers 
NEEDED:      for  the  watershed.   Sufficient  measurements  of  the  drop  structure 

will  be  needed  to  work  through  the  following  broad-crested  weir 

equation: 

Q  =  C  *  L  *  h3/2 

(Do  not  forget  to  determine  an  allowable  freeboard) . 

Cross-section  data  have  already  been  obtained  from  the  main 
channel  between  the  road  and  the  dam.   The  location  has  been 
flagged.   We  will  briefly  explain  the  measurement  procedure. 
You  will  have  the  opportunity  of  running  these  data  through  the 
CHANL  computer  program. 


OBJECTIVE:   Analyse  the  problem,  formulate  alternative  solutions,  and  prepare 
a  recommendation  in  the  form  of  an  outline  of  an  activity  plan. 
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MICROCOMPUTER  EXERCISE  FOR  WATERSHED  PROBLEM  ANALYSIS  AND  ACTIVITY  PLANNING 
)  STORM  HYDROGRAPH  GENERATION  AND  RESERVOIR  ROUTING 

1.   Prepare  the  PC. 

-  Make  sure  the  CAPS  LOCK  key  is  on. 

-  Use  the  "A"  drive. 


-  Load  SIDEKICK  at  the  A  prompt  ...  enter  /sk/. 

-  Enter  /go/. 

-  Opt  for  hydrology  programs. 

-  Choose  the  SCS  CN  program. 

2.   Choose  three  design  storms  for  rainfall-runoff  modeling  from  the 
precipitation  information  given: 

STORM  DURATION/FREQUENCY/DISTRIBUTION  TYPE  PRECIP.  DEPTH 

a.  6-hr,  10-yr,  SCS  Type  B  

b.  6-hr,  50-yr,   

c.  6-hr,  lOO-yr, 


ff       (t 


3.  Run  the  SCS  CN  program  using  the  following  watershed  characteristics: 

AREA  =  3.815  sq.  mi. 

AVERAGE  WATERSHED  SLOPE  =  3% 

LENGTH  OF  LONGEST  CHANNEL  =  25,600  ft 

4.  Compute  the  weighted-average  curve  number  for  the  watershed. 

5.  Check  to  see  that  the  input  data  are  all  correct. 

6.  Opt  for  the  "long"  output. 

7.  Note  the  runoff  depth  and  peak  discharge  from  the  summary  table  and 
enter  below: 

STORM  RUNOFF  DEPTH  PEAK  Q 

6-hr,  lO-yr  

6-hr,  50-yr  

6-hr,  lOO-yr  


8.    Save  the  output  file  as  "RUN 10." 


)! 


9.  Run  through  the  program  two  more  times,  using  the  other  storm  data. 

10.  Use  "RUN50"  and  "RUNIOO,"  respectively,  for  the  other  output  files. 

11.  Exit  the  program — you  should  be  back  at  the  HYDROLOGY  PROGRAM  MENU. 

12.  Choose  the  STORAGE  ROUTING  option. 

13.  Enter  a  name  of  one  of  the  storm  hydrographs  you  saved  from  the 
ON  program  (RUNIO,  RUN50,  or  RUNIOO). 

14.  This  program  routes  an  inflow  hydrograph  through  a  storage  reservoir 
having  a  single  spillway  of  the  broad-crested  weir  type.   The  program 
assumes  the  reservoir  is  full  at  the  start  of  the  runoff  event. 

The  program  will  query  you  for  the  following  information: 

-Surface  area  of  the  reservoir  (at  spillway  elevation) 
(use  50  acres  for  the  Halfway  Detention  Dam) 

-Length  of  spillway       ft  (from  field  measurement) 

-Spillway  weir  coefficient  (use  3.1  for  the  Halfway  drop  structure) 

15.  Run  through  the  program  once  for  each  of  the  three  inflow  hydrographs 
and  enter  the  summary  information  below: 

RUNOFF  EVENT  PEAK  INFLOW  PEAK  OUTFLOW  PEAK  DEPTH 

6-hr,  lO-yr       

6-hr,  50-yr       

6-hr,  100-yr      

16.  Run  the  program  "CHANL"  on  the  Honeywell  DPS-8  computer,  using  the 
channel  geometry  data  provided.   Develop  a  discharge  rating  curve  for 
the  channel  below  the  Halfway  Detention  Dam. 

17.  Use  the  above  information  together  with  your  field  observations  to 
develop  some  alternatives  for  treating  the  watershed  problem(s). 
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Illustration  5 


CORRESPONDING  RUN-OFF  CURVE  NUMBERS 
FOR  THREE  ANTECEDENT  MOISTURE  CONDITIONS 
AMC-I,  II,  AND  III 
(la  •  0.2S) 
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RUN-OFF  CURVE  NUMBERS  FOR  RANGE  AREAS 
(Antecedent  Moisture  Condition  II  and  la  -  0.2S) 

Cover 


Treatment    Hydrologic 

Hydrologic 

Soil 

Groi 

Cover 

or  Practice   Condition 
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B 

C 

D 
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.4  Interpretation  of  Data,  Cover  inventory  data  is  used  for 

determining  hydrologic  condition  classes  which  in  turn  are  used  for 

estimating  run-off  curve  numbers  (CN)  for  various  soil-cover  complexes 
(see  .43). 

.41  Hydrologic  Condition.   The  hydrologic  condition  of  a  cover 
influences  the  rainfall  run-off  relationship  (run-off  potential)  for  a 
watershed.  Hydrologic  condition  is  affected  by  the  physical  properties 
of  cover.  For  this  reason,  percentage  of  ground  cover  and  litter-humus 
data  are  used  to  determine  hydrologic  condition  of  range  and  forest 
area  cover  classes.  Hydrologic  condition  for  cultivated  areas  is  not 
included  in  this  section  of  the  Manual  (see  .21),  while  other  areas  are 
represented  by  a  single  condition  class  since  run-off  potential  is 
assumed  maximum  at  all  times  (see  .24). 

A.  Classification  by  Percentage  of  Ground  Cover.  Hydrologic 
condition  for  range  cover  classes  is  divided  into  three  classes  by 
percentage  of  ground  cover  as  follows: 

-  Poor  condition,  less  than  30  percent  cover 

-  Fair  condition,  30  to  70  percent  cover 

-  Good  condition,  over  70  percent  cover 

Determine  hydrologic  condition  classes  by  using  weighted  average  per- 
centage of  ground  cover  as  recorded  on  Form  7310-10     in  column  (12) 
(see  .32A2h). 

B.  Classification  by  Litter-Humus  Data.  Hydrologic  condition 
for  forest  area  cover  classes  is  divided  into  three  categories  based 
on  a  numerical  rating  as  follows:   (See  Illustration  3,  Column  14) 

-  Poor  Condition,  1.0  -  2.4 

-  Fair  Condition,  2.5  -  4.4 

-  Good  Condition,  4.5+ 

Determine  the  hydrologic  condition  rating  by  using  the  nomograph  and 
specific  instructions  for  Column  14  on  Illustration  3,  page  2. 
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C.  Other  Hydrologlc  Condition  Indicators.  Other  parameters 
should  be  considered  when  making  hydroiogic  condition  classifications. 
For  range  area  cover  classes,  such  factors  as  dry  weight  herbage  pro- 
duction, bulk  density  of  surface  soil,  ratio  of  large  to  small  pores  in 
siirface  soil,  etc.,  should  be  investigated.  For  forest  area  cover 
classes,  factors  such  as  weight  of  dead  organic  matter,  noncapillary 
pores,  and  forest  canopy  cover  should  be  examined.  Where  such  data  is 
available,  it  should  be  analyzed  for  possible  use  as  t;ydrologic  condi- 
tion indicators  or  for  correlation  with  ground  cover  percentage  or 
litter-humus  data. 

D.  Estimating  Future  Hydroiogic  Condition.   General  watershed 
planning  and  hydraulic  structure  design  require  estimates  of  change  in 
hydroiogic  condition  which  may  be  expected  from  application  of  manage- 
ment and  treatment  practices.  Future  conditions  may  be  estimated  for 
various  time  periods  by  predicting  changes  that  are  expected  to  occur. 
Such  changes  may  result  from: 

-  Deterioration  (natural  or  accelerated)  which  reduces  percentage 
of  ground  cover  or  lowers  litter-hijmus  condition  as  indicated 
by  current  change,  x 


) 


-  Improvement  (natural)  which  increases  percentage  of  ground 
cover  or  improves  litter-humus  condition  as  indicated  by 
current  change,  or 

-  Improvement  (artificial)  which  increases  ground  cover  as  result 
of  vegetation  conversion  or  other  land  treatments. 

1.  For  Range  Areas.  Future  conditions  of  these  cover  classes 
are  estimated  by  predicting  the  changes  in  cover  class  and/or  percent- 
age of  ground  cover  over  a  given  time  period.  Such  predicted  changes 
shoxild  be  based  on  documented  studies  and/or  plans  for  the  watershed 
area. 

2.  For  Forest  Areas.  A  forest's  future  hydroiogic  condition 
is  determined  from  the  improvement  potential  of  its  watershed.   Improve- 
ment potentials  depend  on  the  anticipated  rate  of  change  fi"om  compact- 
to-loose  humus  condition  and  the  rate  of  humus  accumulations  as 
affected  by: 

-  Physiographic  factors  of  the  sites,  and 

-  Planned  management  and  treatments. 

(a  detailed  procedure  for  determining  forest  improvement  potential  may 
be  found  in  references  (l)  and  (3),  Appendix  2.) 
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VII.  Indirect  Monitoring/Interpretation  Strategies 

VIII.  Statistical  Considerations  in  Monitoring 

A.  General  Considerations 

1.  Controls 

2.  Replication 

3.  Randomization 

B.  Specific  Designs 

1.  Randomizded  Block 

2.  Split  Plot 

3.  Nested 

4.  Repeated  Measures 

IX.  Data  Analysis 

A.  T-Te<sts 

1.  Assumptions 

2.  Paired  vs..  Unpaired 

3.  One-tail  vs..  Two-tail 

4.  Exercises  on  microcomputer 

B.  Regressions 

1.  Assumptions 

2.  Multiple  vs.,  simple 

3.  Significance  tests 

4.  Exercises  on  microcomputers 

C.  Analysis  of  Variance 

1.  Assumptions 

2.  One-way  and  Two-way 

3.  Partitioning  degrees  of  freedom  and  Sums  of  Squares 

4.  Exercises  on  microcomputers 
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RANGELAND  WATERSHED  MONITORING  - 


Issues,  management  objectives,  and  management  actions  are  identified  and 
implemented  in  the  RMP/Activity  Planning  Process.   Of  particular  concern  to 
both  Resource  Managers  and  the  public  is  how^well  management  actions  are 
achieving  management  objectives.   Monitoring  is  the  orderly  collection, 
analysis,  and  interpretation  of  resource  data  to  evaluate  progress  in  meeting 
management  objectives.   Thus,  monitoring  is  the  key  feedback  link  in  the  RMP 
process.  Except  in  cases  where  monitoring  is  required  to  insure  compliance 
with  laws  or  regulations,  monitoring  should  be  keyed  to  major  issues  and/or 
management  objectives  identified  in  the  planning  process. 

It  is  worth  emphasizing  that  monitoring  is  not  only  data  collection  and 
analysis.   It  also  involves  data  interpretations,  evaluations,  and  extrapo- 
lations.  This  is  because  management  often  needs  to  be  evaluated  on  a  broad. 
District-wide  basis,  based  in  large  part  upon  professional  judgement  which, 
in  turn,  is  supported  by  a  few  key  studies  and/or  analytical  tools  (e.g., 
models).   The  components  of  a  comprehensive  monitoring  program  for  rangeland 
soil  loss  are  depicted  in  Figure  1.  Note  how  a  soil-loss  monitoring  program 
has  to  be  carefully  coordinated  with  the  rangeland  monitoring  program. 


By  William  L.  Jackson,  Bureau  of  Land  Management,  Service  Center, 
Denver,  CO  8022J 
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Figure  1:   Components  of  a  District-wide  Soil-loss  Monitoring  Program 


There  are  at  least  five  basic  concepts  to  be  considered  in  the 
development  of  a  District-wide  watershed  monitoring  program: 

1.  The  monitoring  effort  should  be  driven  by  the  two  or  three  most 
important  soil-water  issues  identified  in  the  RMP/AMP  process  (more  on 
this  later) . 

2.  For  each  issue,  one  or  two  key,  or  representative  resources/ 
processes/management  actions  should  be  targeted  for  careful,  systematic 
monitoring. 

3.  To  the  extent  possible,  data  collected  by  a  "representative" 
monitoring  scheme  should  be  used  to  calibrate  or  validate  more 
generalized  assumptions,  techniques  or  procedures  (including  analytical 
or  conceptual  models)  to  allow  extrapolation  to  and  analysis  of  grazing 
management  activities  in  relation  to  soil-water  resources  throughout  the 
District. 

4.  Simplicity  in  sampling  design,  data  collection,  analysis,  and 
interpretation  is  key  to  successful  implementation  of  long-term 
monitoring  programs. 

5.  Every  effort  needs  to  be  made  to  coordinate  monitoring  with 
related  resource  disciplines,  including  selection  of  sampling  parameters 
and  sampling  designs,  sharing  data,  etc. 


A  "representative  resource"  monitoring  approach  would  allow  efforts  to  be 
concentrated  on  a  small  number  of  high-quality  monitoring  studies  in  support    t^ 
of  the  overall  monitoring  program.   This  would  maximize  the  quality  of  infor- 
mation collected  and  one's  ability,  as  a  professional,  to  extrapolate  the 
results  to  other  areas  experiencing  similar  management  programs. 

A  hypothetical  example  of  how  this  might  work  in  a  hypothetical  District 
follows: 

Using  an  RMP  (or  MFP)  the  specialist  would  support  his  opinion  that  the 
three  most  important  rangeland  soil-water  issues  are  riparian  zone  restora- 
tion, upland  soil  loss  (or  upland  watershed  condition),  and  salt  and  phos- 
phorus delivery  to  the  Colorado  River.   Next,  using  a  stratification  approach 
the  Specialist  would  select  two  riparian  zone  restoration  sites,  two  upland 
sites  where  management  for  runoff  and  soil  loss  is  a  high  priority,  and  two     ™ 
important  sites  where  salt  and  phosphorus  from  public  lands  discharge  into  the 
river.   The  stratification  approach  would,  of  course,  have  to  be  developed, 
but  might  be  based  upon  a  watershed  analysis  procedure,  economic  considera- 
tions (management  costs,  resource  values),  the  need  for  more  information  for 
responsible  management,  or  the  need  to  coordinate  with  existing  information 
sources  or  other  related  resource  monitoring  programs. 

At  this  point  three  monitoring  "issues"  and  six  sites  for  intensive 
monitoring  studies  have  been  identified.   Now  it  is  possible  to  develop 
specific  study  objectives,  study  designs,  sampling  methods,  data  analyses,  and 
interpretation  methods,  reporting  procedures,  and  a  general  plan  for 
extrapolating  general  results  to  other  areas  (see  TN  369). 
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Regarding  the  riparian  zone  rehabilitation  issue,  it  may  be  necessary  to 
coordinate  with  wildlife,  fisheries,  and  range  interests  to  clearly  define  the 
soil-water  component  of  the  monitoring  program  (e.g. ,  channel  geometry  chan- 
ges).  For  the  upland  runoff-erosion  issue,  it  is  important  to  coordinate  with 
range  monitoring  plans  to  insure  proper  sampling  designs  (e.g.,  replication 
and  controls)  are  used  and  parameters  are  sampled  which  can  be  interpreted  in 
terms  of  watershed  condition  (e.g.,  total  cover).   Runoff  plots  and  gully 
condition  surveys  could  be  initiated  in  conjunction  with  range  monitoring 
plans  at  the  two  selected  sites  to  help  validate  assumptions  or  models  used  in 
watershed  interpretations  of  range  monitoring  data. 

For  the  water  quality  issue,  it  will  be  important  to  coordinate  closely 
with  existing  monitoring  programs  (USGS  and  State)  to  make  optimum  use  of 
existing  data  and  facilities.   The  sampling  design  in  this  case  may  have  to  be 
geared  towards  analysis  of  trends  -  possibly  employing  a  covariable  such  as 
discharge  or  suspended  sediment  concentration  (assuming  "controls"  are  not 
available).   In  all  cases,  sampling  designs  and  data  analysis  plans  should  be 
developed  in  close  consultation  with  a  statistician  before  the  monitoring 
program  commences. 

The  results  of  the  targeted/stratified  monitoring  studies  would  then  have 
to  be  extrapolated  District-wide.   Thus  subjective  evidence  (occular  data 
appearance,  grab  samples,  infrequent  inspections,  general  indicators,  etc.), 
and  professional  judgement  are  still  required.   However,  they  are  now  sup- 
ported by  good  data,  professional  tools,  and  careful  study  designs. 


It  may  be  that  a  targeted  "representative  resource"  monitoring  program 
will  not  always  meet  management's  needs.   The  disadvantage  is  that  you  don't 
monitor  everything.   The  advantage  is  that  what  you  do  monitor,  you  monitor 
well.   Given  careful  stratification  and  extrapolation  schemes,  you  maximize 
the  utility  of  the  data  collected. 
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PREFACE 

Recent  legislation,  such  as  Public  Law  92-500  (the  Federal  Water 
Pollution  Control  Act  Amendments  of  1972),  RPA  and  NFMA,  and  public  opinion 
have  forced  water  quality  considerations  to  surface  in  many  land  and 
resource  decision  processes.  This  has  generated  a  need  to  provide 
decision-makers  with  information  about  existing  water  quality  and  the 
impacts  of  land  management  practices  on  water  quality.  In  general,  this 
information  is  obtained  through  water  quality  monitoring. 

Water  quality  monitoring,  which  is  defined  in  the  Forest  Service 
Manual  as  "the  systematic  evaluation  of  achievement  of  water  quality 
management  goals,  objectives,  or  targets,"  is  usually  the  responsibility  of 
the  forest  hydrologist.  The  purpose  of  this  Technical  Paper  is  to  help 
forest  hydrologists  develop  technically  sound  water  quality  monitoring 
programs.  The  material  presented  here  is  the  result  of  an  extensive 
literature  review  and  personal  experience. 

It  is  intended  that  this  paper  be  used  as  a  technical  guide,  not  a 
"cook  book."  Every  water  quality  monitoring  program  will  be  different.  As 
a  result,  each  program  will  require  that  the  hydrologist  understand  the 
hydrologic  system  at  hand  as  well  as  the  interaction  between  land-use 
activities  and  water  quality.  In  my  opinion,  there  is  no  substitute  for 
careful  planning  by  the  professional  forest  hydrologist  when  developing  a 
water  quality  monitoring  plan  of  operation  for  a  National  Forest. 

This  paper  was  designed  to  be  used  in  conjunction  with  Watershed 
Systems  Development  Group  (WSDG)  Technical  Paper  00001,  "Statistical 
Methods  Commonly  Used  in  Water  Quality  Data  Analysis";  and  WSDG  Application 
Documents  00001,  "Statistical  Analysis  Using  the  Statistical  Analysis 
System  (SAS)  at  the  EPA  National  Computer  Center";  and  00002,  "Statistical 


Analysis  Using  the  Statistical  Package  for  the  Social  Sciences  (SPSS)  at 
the  USOA  Fort  Collins  Computer  Center." 

I  would  like  to  acknowledge  all  the  following  people  who  reviewed  this 
paper  and  provided  many  valuable  suggestions  for  its  improvement:  Mr.  John 
Potyondy,  USDA  Forest  Service;  Dr.  David  Wc  Schindler,  Fisheries  and 
Environment  Canada;  Or.  Robert  C.  Averett,  USGS-WRD;  Dr.  Robert  Beschta, 
Oregon  State  University;  Mr.  Karl  Gebhardt,  BLM;  Dr.  Ken  Brooks,  University 
of  Minnesota;  Mr.  David  Ryn,  USDA  Forest  Service;  Dr.  Walt  Hivner,  Colorado 
State  University;  Dr.  David  DeWalle,  Pennsylvania  State  University;  Dr. 
Clarence  Skau,  University  of  Nevada;  Mr.  Ronald  Russell,  USDA  Forest 
Service;  Mr.  Owen  Williams,  USDA  Forest  Service;  Mr.  Rhey  Solomon ^  USDA 
Forest  Service;  Mr.  Larry  Schmidt,  USDA  Forest  Service;  Mr.  Andrew  Leven, 
USDA  Forest  Service;  Mr.  Dal  1  us  Hughes,  USDA  Forest  Service;  Mr.  Keith 
McLaughlin,  USDA  Forest  Service;  Mr.  Harry  Parrott,  USDA  Forest  Service, 
Mr.  Ted  Beauvais,  USDA  Forest  Service;  Ms.  Ann  Puffer,  USDA  Forest  Service; 
and  Mr.  Warren  Harper,  USDA  Forest  Service. 
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WATER  QUALITY  MONITORING  PROGRAMS 

1.0  Introduction 

Designing  a  water  quality  monitoring  program  that  will  provide  useful 
Information  is  an  intellectual  activity.  It  requires  a  great  deal  of 
thought  and  careful  planning.  Thinking  about  the  measurements  you  are 
going  to  make  and  why  you  are  going  to  make  them  leads  to  problem  solving. 

Just  as  a  blood  sample  gives  a  physician  insight  into  the  functions  of 
the  human  body,  a  water  sample  can  tell  a  hydrologist  a  great  deal  about 
the  complex  system  of  a  watershed.  The  quality  of  the  water  resource  is 
directly  related  to  natural  factors,  such  as  climate,  geology,  soils  and 
terrestrial  and  aquatic  vegetation;  and  man's  land-use  activities,  such  as 
timber  harvesting,  road  building,  grazing,  recreation  and  mining. 
Consequently,  to  obtain  useful  information  from  water  quality  monitoring, 
the  sampling  network  for  collection  of  data  must  be  properly  located  in 
both  time  and  space  and  the  constituents  which  are  relevant  to  the 
management  objectives  must  be  sampled.  In  addition,  if  the  monitoring  is 
to  be  cost  effective,  the  hydrologist  needs  to  evaluate,  at  the  outset  of 
the  program,  what  can  be  accomplished  with  the  resources  that  are 
available. 

The  purpose  of  this  paper  is  to  (1)  summarize  the  various  types  of 
water  quality  monitoring  commonly  carried  out  on  National  Forest  System 
lands  and  (2)  provide  a  series  of  guidelines  to  aid  you  with  problem 
definition,  establishing  study  objectives,  locating  past  work,  data 
analysis,  locating  sampling  stations,  selecting  water  quality  constituents, 
determining  sampling  frequency,  and  collecting  and  handling  samples. 


One  final  comment  before  we  begin  our  discussion  on  developing  water 
quality  monitoring  programs.  It  is  strongly  recommended  that  you  document 
your  program  in  the  form  of  a  water  quality  monitoring  plan  of  operation 
(see  FSM  2,542).  A  written  monitoring  plan  serves  several  purposes.  First, 
it  forces  you  to  clearly  define  your  problem  and  study  objectives  as  well 
as  develop  a  logical  approach  to  collecting  data  which  will  provide 
information.  Second,  it  provides  your  supervisor  and  other  interested 
parties  with  a  statement  of  the  problem  you  plan  to  address,  how  you  will 
do  it,  the  type  of  data  that  will  be  obtained,  how  the  data  will  be 
analyzed,  the  expected  knowledge  to  be  gained,  the  financial  conmitment 
required,  and  when  reports  are  to  be  done.  Finally,  if  you  leave  the 
Forest  before  the  project  is  completed,  it  provides  the  next  hydrologist 
with  the  proper  framework  to  continue  the  study.  In  general,  the  structure 
of  a  water  quality  monitoring  plan  varies  from  Region  to  Region.  However, 
the  major  components  of  most  plans  are  the  topics  discussed  in  this  paper. 

2.0  Types  of  Monitoring 

In  general,  the  types  of  water  quality  monitoring  performed  on 
National  Forest  System  lands  can  be  divided  into  four  categories: 
cause-and-effect,  compliance,  baseline,  and  inventory.  A  brief  summary  of 
each  follows. 

Cause-and-effect  (project)  monitoring  is  performed  to  quantify  the 
impacts  of  specific  land  management  activities  on  water  quality.  The 
information  obtained  from  this  type  of  study  is  often  used  to  evaluate  the 
effectiveness  of  "Best  Management  Practices,"  calibrate  existing  models 
which  were  developed  at  different  locations  or  under  different  conditions, 
and  develop  and  verify  models  designed  specifically  for  the  Forest. 

2 


Cause-and-effect  monitoring  is  generally  implemented  on  a  project 
level.  The  surveys  are  designed  to  deal  with  questions  about  what  happened 
and  why.  The  monitoring  is  generally  short-term,  lasting  three  years  or 
less.  Whenever  possible,  paired  sampling  is  employed  with  samples  being 
collected  before,  during  and  after  the  treatment. 

Compliance  monitoring  on  National  Forest  System  lands  is  performed 
primarily  to  protect  public  health.  It  includes  the  monitoring  of  drinking 
water  and  water  used  for  primary  contact  recreation.  The  water  quality  is 
generally  compared  with  existing  State  water  quality  standards  and  when 
these  standards  are  not  met,  corrective  action  should  be  taken  as  soon  as 
possible. 

Baseline  monitoring  is  performed  to  provide  land  managers  with 
reliable  information  on  water  quality  trends.  The  data  are  generally  used 
to  determine  if  water  quality  maintenance  and  improvement  criteria  required 
by  law  and/or  policy  are  being  met  and  for  long-term  trend  assessment.  If 
the  data  indicate  that  water  quality  degradation  is  occurring  as  a  result 
of  activities  on  the  National  Forest,  corrective  action  may  be  evaluated 
and  appropriate  action  initiated.  Water  quality  stations  associated  with 
this  type  of  monitoring  program  are  usually  located  at  strategic  points 
within  the  Forest  and  sampled  on  a  routine  basis  for  many  years. 

Inventory  monitoring  is  carried  out  to  provide  land  managers  with 
reliable  information  of  existing  water  quality  conditions.  The  data  are 
generally  used  to  provide  information  for  the  land  management  planning 
process  and  to  establish  water  quality  goals.  Usually  the  inventory  data 
are  obtained  from  existing  stations  established  for  cause-and-effect, 
compliance  and  baseline  monitoring.  However,  if  additional  stations  are 


required,  they  are  often  located  at  strategic  points  within  the  Forest  and 
sampled  intensively  for  a  short  period  of  time. 

One  of  the  keys  to  an  effective  water  quality  program  is  to  integrate 
the  various  types  of  monitoring  so  that  they  are  complementary.  Some  of 
each  type  of  monitoring  will  generally  be  carried  out  on  all  Forests. 
Enough  of  each  type  should  be  accomplished  to  characterize  the  quality  of 
the  water  resource,  to  assess  the  impacts  of  management  activities  on  water 
quality  and  to  determine  if  water  quality  standards,  goals  and  objectives 
are  being  met. 

Priorities  for  monitoring  should  be  established  because  it  is  not 
feasible  to  monitor  the  water  quality  of  all  management  activities  or  all 
water  bodies  within  the  Forest.  Variation  of  priorities  between  Forests 
will  exist  depending  on  the  existing  data  base,  management  issues  and 
concerns,  and  water  quality  management  objectives. 

3.0  Defining  Problem  Areas  and  Setting  Study  Objectives 

The  first  step  in  developing  an  effective  water  quality  monitoring 
plan  is  to  define  problem  areas.  Each  problem  definition  must  evolve  from 
the  needs  identified  by  the  line  officer  for  information  which  will  aid  in 
making  management  decisions  (Boynton,  1972).  It  is  very  important  that  the 
needs  of  the  line  officer  be  clearly  identified  since  water  quality 
monitoring  can  only  be  justified  if  it  is  done  to  address  specific  needs  of 
management  for  information.  Furthermore,  commitment  by  line  officers  to 
monitoring  programs  is  achieved  through  their  involvement  in  problem 
identification  and  setting  specific  study  objectives. 

The  role  of  the  hydrologist  in  the  problem  definition  phase  is  to  take 
the  lead  in  suggesting  specific  problem  areas  which  are  technically 
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feasible  and  satisfy  the  managers  needs.  The  hydrologist  has  the  technical 

expertise  and  the  familiarity  with  land  use  and  water  quality  relationships 

to  make  this  linkage.  Involvement  of  other  functional  specialists  with  an 

interest  in  water  quality,  such  as  fishery  biologists,  is  often  appropriate 

at  this  stage  to  coordinate  common  data  needs.  Interdisciplinary 

involvement  can  avoid  duplication  of  effort  and  address  a  multitude  of 

management  needs  at  one  time  (Potyondy,  1980). 

Problem  definitions  should  be  as  specific  as  possible.  A  problem 

definition,  such  as  "What  is  the  effect  of  land  use  on  the  quality  of  water 

draining  the  Routt  National  Forest?"  is  too  broad  to  be  of  much  use.  In 

this  case,  the  problem  definition  could  be  greatly  improved  if  (1)  the  land 

management  activity  of  interest  was  identified  (timber  harvesting,  mining, 

recreation,  etc.);  (2)  the  water  resource  was  specified  (stream,  lake 

and/or  ground  water);  and  (3)  the  type  of  water  quality  was  stated 

(physical,  chemical,  biological  and/or  radiological).  An  improved  problem 

definition  might  read  "What  is  the  effect  of  clearcutting  on  the  sediment 

regime  of  Trout  Creek?"  The  problem  definition  is  now  yery   clear  and 

direct.  Often  times  problem  definitions  will  not  be  this  specific.  More 

often  they  are  as  follows: 

1..   A  reliable  method  to  predict  the  effect  of  clearcutting  on  the 
sediment  yield  for  the  various  stream  types  found  in  the  Forest 
is  needed. 

2.   A  simple,  reliable  approach  to  classify  lakes  by  water  quality 
within  the  Forest  is  needed. 

These  problem  statements,  broad  as  they  may  appear,  are   consistent  with  the 

water  quality  information  needed  in  the  land  management  planning  process 

and  still  provide  the  hydrologist  with  sufficient  guidance  to  formulate 

study  objectives. 
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Once  the  problem  areas  have  been  defined,  the  next  step  is  to 
establish  study  objectives.  This  process  should  also  be  a  mixed  effort 
between  the  hydrologist  and  the  line  officer.  The  hydrologist' s  role, 
because  of  his  technical  knowledge  of  the  watershed  system  and  land  use/ 
water  quality  interactions,  is  to  suggest  specific  monitoring  objectives 
while  the  line  officer's  role  is  to  act  as  a  sounding  board,  continually 
asking  why  and  making  sure  the  objectives  speak  only  to  his  needs  and  that 
the  plan  fits  within  the  available  resources  (Boynton,  1972).  When  the 
objectives  are  agreed  upon  by  the  hydrologist  and  line  officer,  they  should 
be  documented  in  written  form. 

Objectives  should  be  specific  statements  of  measurable  results  to  be 
achieved  within  a  stated  time  period.  In  addition,  they  should  be  specific 
enough  so  that  the  hydrologist  can  convert  them  into  statistical  hypotheses 
which  can  be  tested  with  the  data  obtained  from  the  water  quality 
monitoring,  program  (more  about  this  in  Section  5.0).  Some  illustrations  of 
problem  definitions  and  related  study  objectives  are  given  in  Example  1. 

Defining  the  problem  and  setting  the  study  objectives  phase  of  the 
study  may  seem  like  a  lot  of  work  which  will  require  a  substantial  amount 
of  your  time.  It  is  and  it  does.  However,  it  is  time  very  well  spent. 
The  point  is,  if  you  have  spent  time  defining  your  objectives  and  making 
sure  that  they  arQ   compatible  with  management's  needs,  there  is  a  very  good 
chance  that  your  study  will  be  successful  and  provide  meaningful 
imformation  to  the  land  manager. 


Example  1 
Establishing  study  objectives  from  problem  definitions. 


Case  A. 

Problem  Definition: 

Does  the  water  at  Public  Beach  A  pose  a  health  hazard  to  primary 
contact  recreationists? 

Study  Objective: 

To  determine  if  the  water  at  Public  Beach  A  meets  the  State 
standards  for  swimming  during  the  summer  of  1980. 

In  this  case,  the  strategy  is  to  monitor  the  water  quality  at  Swimming 
Beach  A  over  the  summer  and  compare  it  with  the  State  standards  for  primary 
contact  recreation. 
Case  B. 

Problem  Definition: 

Is  acid  precipitation  adversely  affecting  the  productivity  of 
Agnes  Lake? 

Study  Objectives: 

1.  To  determine  the  pH  of  the  precipitation  on  a  seasonal 
basis  at  Agnes  Lake  over  the  next  five  years. 

2.  To  determine  the  seasonal  trend  of  pH,  alkalinity  and 
conductivity  in  Agnes  Lake  over  the  next  five  years. 

3.  To  determine  the  biological  significance  of  any  change  in 
pH,  alkalinity  and  conductivity  in  Agnes  Lake  that  occjrs 
over  the  next  five  years. 

In  this  case,  the  strategy  is  to  quantify  the  seasonal  input  of  acid 

(hydrogen  ions)  to  the  lake  from  precipitation,  to  develop  the  trend  of  the 

lake's  response  over  the  next  five  years,  and  determine  if  this  response  is 

biologically  significant. 


4.0  Reviewing  Past  Work 

After  the  objectives  have  been  established,  the  next  step  is  to 
determine  what  has  already  been  done.  Several  common  sources  of  data  of 
interest  to  the  wild! and  hydrologist  are  listed  below: 

1.   Forest,  District,  and  Regional  Office  resource  reports. 

2c   U.S.  Forest  Service  research,  U.S.  Geological  Survey,  U.S. 

Environmental  Protection  Agency,  Bureau  of  Land  Management,  Water 
and  Power  Resources  Administration,  Corps  of  Engineers,  National 
Oceanic  and  Atmospheric  Administration,  and  Soil  Conservation 
Service. 

3.  State  Geological  Survey,  State  Department  of  Health,  State 
Department  of  Engineering,  and  State  Water  Pollution  Control 
Agency. 

4.  State  universities,  especially  the  departments  specializing  in 
watershed  management,  hydrology,  geology,  chemistry,  aquatic 
biology,  limnology,  and  microbiology. 

5.  River  basin  commissions. 

6.  STORET. 

In  addition  to  the  sources  mentioned  above,  several  of  the  Regions  now 
have  agreements  with  Forest  Service  research  libraries  or  other  libraries 
which  provide  computerized  literature  searches.  The  major  indexes 
presently  available  or  soon  to  be  available  are  summarized  in  Table  1. 

Most  of  the  time,  you  can  expect  that  little  if  any  data  will  be 
available  from  your  watershed  of  interest,  or  if  they  ^lvq,   they  often  will 
be  the  wrong  kinds  of  data.  You  can  sometimes  circumvent  this  problem  by 
reviewing  information  available  from  tributary  streams  or  adjacent 
drainages;  However,  you  must  be  cautious  when  transferring  data  from  one 
place  to  another. 

Whenever  data  are  available  from  your  watershed  of  interest,  they 
probably  will  have  been  collected  for  another  purpose  and  will  not  solve 
your  specific  problem.  Nevertheless,  such  data  can  provide  you  with 
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Table  1.  Indexes  for  computerized  search  of  water 
resources  literature  (modified  from  Busby,  1980). 


INDEX 
AGRICOLA 


AQU ALINE 


SUBJECT  AREA 


Covers  worldwide  journal  and  monographic  literature  in 
agriculture  and  related  subject  fields,  including  forestry, 
natural  resources,  chemistry  and  water  resources.  Prepared 
by  the  U.S.  National  Agriculture  Library. 


Provides  access  to  information  on  every  aspect  of  water, 
waste  water,  and  the  aquatic  environment.  Worldwide  sources 
cited  are  400  periodicals,  research  reports,  legislation, 
conference  proceedings  and  preprints,  books,  monographs, 
pamphlets,  dissertations,  translations,  standards  and 
specifications,  and  miscellaneous  publications  from 
water-related  institutions  worldwide.  Prepared  by  the  Water 
Research  Centre. 


BIOSIS 
PREVIEWS 


CD  I 


COMPENDIX 


GeoRef 


NTIS 


Includes  contents  of  Biological  Abstracts  and  Bio-Research 
Index,  covering  the  entire  life  sciences.  Citations  are 
taken  from  approximately  8,000  serial  publications,  as  well 
as  books.  Prepared  by  Biological  Sciences  Information 
Service. 

Comprehensive  Dissertation  Index,  containing  all 
dissertations  accepted  for  academic  doctoral  degrees  granted 
by  United  States  education  institutions  and  some  non-U. S. 
universities.  Prepared  by  University  Microfilms 
International . 

Covers  civil,  environmental  and  geological  engineering; 
mining,  metals,  petroleum  and  fuel  engineering;  mechanical, 
automotive,  nuclear  and  aerospace  engineering;  chemical, 
agricultural  and  food  engineering;  and  industrial 
engineering,  management,  mathematics,  physics  and 
instruments.  Prepared  by  Engineering  Index,  Inc. 

Geological  Reference  file,  covering  geosciences  literature 
from  3,000  journals,  plus  conferences  and  major  symposia  and 
monographs  in  such  areas  as  environmental  geology, 
geochemistry,  and  fluvial  geomorphology.  Prepared  by  the 
American  Geological  Institute. 

This  is  a  broad  and  cross-disciplinary  file  containing 
citations  and  abstracts  of  government-sponsored  research  and 
development  reports  and  other  government  analysis  prepared 
by  Federal  agencies  on  their  contractors  and  grantees. 
Prepared  by  National  Technical  Information  Service  of  the 
U.S.  Department  of  Commerce. 


INDEX 
POLLUTION 


WATERLIT 


WRD 


SUBJECT  AREA 


Covers  non-U cS.,  as  well  as  domestic  reports,  journals,  • 
contracts,  patents  and  symposia  in  the  areas  of  pollution 
control  and  research o  Prepared  by  Pollution  Abstracts,  Data 
Courier,  Inc. 

Covers  the  water  resources  and  water-related  literature  of 
the  worlde  WATERLIT  topics  include,  but  are  not  limited  to, 
water  supply,  reservoirs  of  all  types,  water  utilization, 
water  standards,  limnology,  health  aspects  of  water,  water 
law  and  water  ecology.  It  is  produced  by  the  South  African 
Water  Information  Centre. 

Water  Resources  Abstracts  is  a  computerized  version  of 
Selected  Water  Resources  Abstracts,  a  semimonthly  journal 
published  by  the  Office  of  Water  Research  and  Technology. 
It  covers  literature  of  water  related  aspects  of  the  life, 
physical  and  social  sciences  as  well  as  related  engineering 
and  legal  aspects  of  the  characteristics,  conservation, 
control ,  use,  or  management  of  water. 
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information  about  the  interactions  between  land  use,  hydrology  and  water 
quality  and  be  yery   useful  in  the  design  of  your  sampling  program. 

5.0  Thinking  About  Data  Analysis 

This  is  the  stage  of  your  study  design  when  you  should  begin  thinking 

about  how  the  data  will  be  analyzed.  You  should  start  by  converting  your 

objective  statements  into  null  (Hq)  and  alternative  (H^)  hypochcses. 

For  example,  consider  the  objective  presented  in  Case  A,  Example  1.  The 

study  objective  is  a  very  specific  water  quality  concern  which  can  be 

readily  converted  into  a  set  of  null  and  alternative  hypotheses.  The 

hypotheses  to  be  tested  could  be  stated  as  follows: 

Hq:    The  water  at  Public  Beach  A  does  not  exceed  the  State  water 

quality  standards  for  swimming  during  any  portion  of  the  summer 
of  1980. 

Hg:    The  water  at  Public  Beach  A  exceeds  the  State  water  quality 

standards  for  swimming  at  some  time  during  the  summer  of  1980. 

At  this  point,  we  are  ready  to  select  a  statistical  model  which  will 

allow  an  efficient  test  of  the  null  hypothesis  against  the  alternative 

hypothesis.  The  statistical  methods  that  you  select,  along  with  the 

knowledge  you  have  gained  about  the  system  through  reviewing  past  work, 

will  influence  where  you  sample,  such  as  above  or  below  a  treatment  or  at 

the  mouths  of  paired  watersheds  offering  impact  and  controlled  data 

comparisons;  and  when  and  how  often  you  sample,  such  as  once  a  season 

without  replication  or  diurnal ly  with  replication.  If  you  do  not  feel 

comfortable  designing  your  statistical  analysis,  you  should  review  in 

detail  WSDG  Technical  Paper  00001  ("Statistical  Methods  Commonly  Used  in 

Water  Quality  Data  Analysis",  Ponce,  1980)  and/or  seek  the  aid  of  a 

statistician. 
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There  are  a  few  principles  that  you  should  keep  in  mind  when  you  begin 
thinking  about  your  data  analyses.  These  have  been  summarized  from  Green 
(1979). 

1.  Carry  out  some  preliminary  sampling  to  provide  a  basis  for 
evaluation  of  sampling  design  and  statistical  analysis  options. 
Those  who  skip  this  step  because  they  do  not  have  enough  time  or 
money  usually  ending  up  loosing  both  time  and  money. 

2.  To  test  whether  a  condition  (treatment)  has  an  effect,  collect 
samples  both  where  the  condition  (treatment)  is  present  and  where 
it  is  absent  but  all  else  is  the  same.  Remember,  an  effect  can 
only  be  demonstrated  by  comparison  with  a  control. 

3.  If  possible,  take  replicate  samples  within  each  combination  of 
time,  space,  and  any  other  controlled  variable.  Differences 
among  can  only  be  demonstrated  by  comparison  to  differences 
within.  For  example,  if  you  are  comparing  NO3  yield  from  a 
clearcut  area  with  a  forested  area,  only  if  you  take  replicate 
samples  can  you  separate  sampling  error  from  differences  due  to 
the  treatment. 

4.  If  the  system  to  be  sampled  has  a  large-scale  environmental 
pattern,  break  up  the  system  into  relatively  homogeneous 
subsystems  and  allocate  samples  to  each  by  some  predetermined 
weighting  criteria.  For  example,  if  you  are  measuring  TDS  in  the 
northern  Rockies,  you  could  reduce  the  overall  variance 
substantially  if  you  broke  your  sampling  periods  into  three 
strata;  baseflow,  snowmelt,  and  stormflow;  and  weigh  each  by 
discharge. 

It  is  very  important  that  you  consider  the  statistical  analysis  at 
this  stage"  of  the  study  design*  As  Averett  (1979)  states  "problems  almost 
always  arise  when  statistical  methods  become  an  afterthought  of  study 
design  and  are  used  as  a  salvage  operation.  This  'afterthought' 
application  of  statistical  methodology  leads  to  the  deadliest  data  analysis 
trap  of  all— the  mathematical  manipulation  of  non-related,  non-correlated 
data,  into  a  probability  function." 

One  final  comment  before  we  proceed;  it  is  important  that  you  keep  the 
role  of  statistical  methods  in  proper  perspective.  Their  primary  use  is  to 
reduce  data  and  to  help  us  make  "yes"  or  "no"  statements  about  the 
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relation  of  samples  collected  from  different  populations.  While  there  is 
much  merit  in  designing  water  quality  sampling  studies  around  a  statistical 
framework,  it  must  be  emphasized  that  the  statistical  testing  of  data  is 
not  interpretation  of  data  (Averett,  1979).  It  is  the  responsibility  of 
the  hydrologist  to  interpret  the  results  of  the  statistical  analysis  and 
provide  the  line  officer  with  information  which  can  be  used  in  the  decision 
making  process. 

6.0  Where,  What  and  When 

At  this  stage  of  your  study  design,  you  are  ready  to  select  your 
sampling  stations  (where),  choose  the  water  quality  constituents  to  be 
sampled  at  each  station  (what),  and  determine  the  sampling  frequency  of 
each  constituent  at  each  sampling  station  (when).  This  phase  of  the  study 
design  requires  a  sound  understanding  of  the  hydrologic  system  and  hnw  the 
water  quality  relates  to  the  beneficial  uses  of  the  water  resource.  If  the 
study  objectives  have  been  clearly  stated  and  you  have  spent  time  thinking 
about  the  interaction  between  land  use,  hydrology,  and  water  quality  in 
your  system,  the  determination  of  where,  what,  and  when  should  be  fairly 
straightforward. 

Throughout  this  section  you  should  keep  two  points  in  mind.  First, 
where,  what,  and  when  you  sample  should  be  directly  related  to  the  needs 
and  objectives  of  the  study.  Remember,  the  line  officer  holds  you 
responsible- for  the  water  quality  data  collected  and  it  is  your  job  to  see 
to  it  that  unnecessary  data  are  not  obtained.  Second,  station  location, 
parameter  selection,  and  sampling  frequency  are  all  very  important.  You 
cannot  short  cut  one  without  affecting  the  others  (Averett,  1976). 
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6.1  Guidelines  for  Locating  Sampling  Stations 

There  are  two  factors  which  strongly  influence  the  location  of 
sampling  stations:  (1)  the  type  of  monitoring  and  (2)  the  type  of  water 
body.  Guidelines  for  locating  sampling  stations  are  discussed  for  each  of 
these  factors  separately. 

6.1.1  Station  Location  as  Influenced  by  the  Type  of  Monitoring 

As  you  recall,  water  quality  monitoring  on  National  Forest  System 
lands  can  generally  be  classified  as  (1)  cause-and-effect,  (2)  compliance, 
(3)  baseline,  and  (4)  inventory.  Locating  the  sampling  stations  for 
cause-and-effect  monitoring  is  generally  the  easiest  to  carry  out.  The 
strategy  in  this  case  is  to  isolate  the  treatment  effects  by  (1)  sampling 
above  and  below  the  treatment  and/or  (2)  sampling  before  and  after  the 
treatment.  Consider  the  example  presented  in  Figure  1.  There  we  have  a 
treatment  which  covers  only  a  portion  of  a  small  stream.  Stations  A  and  B 
have  been  placed  immediately  above  and  below  the  treatment,  respectively, 
to  isolate  it.  Station  A  represents  the  control.  Station  B,  in  theory,  is 
assumed  to  be  similar  to  Station  A  in  all  respects  except  that  it  Includes 
the  effect  of  the  treatment.  Whenever  the  "above  and  below"  approach  is 
used,  you  must  be  certain  the  above  station  is  a  satisfactory  control. 

The  type  of  sampling  design  shown  in  Figure  1  readily  lends  itself  to 
two  types  of  statistical  testing:  (1)  comparison  of  the  means  of  Stations 
A  and  B  and  (2)  comparison  of  the  regression  of  Stations  A  and  B.  If  the 
variance  of  the  water  quality  parameter  of  interest  is  not  strongly 
influenced  by  fluctuations  in  the  stream  flow,  a  simple  comparison  of  the 
means  can  be  made  to  test  for  treatment  effect.  The  hypotheses  to  be 
tested  are  as  follows: 
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Figure  1.  Example  of  station  location  for  cause  and  effect 
monitoring  study  where  the  treatment  can  be  readily  isolated. 


Hq:  ua  =  UB 
Ha:  ^A  i^   i^B 


where  n/\  and  ub  denote  the  mean  at  Stations  A  and  B,  respectively.  The 
statistical  method  generally  employed  to  make  this  comparison  is  the  paired 
t-test.  However,  if  the  variance  is  strongly  influenced  by  discharge,  it 
is  very  likely  that  the  treatment  effects  will  be  masked.  If  you  develop  a 
regression  of  the  water  quality  constituent  versus  discharge  (commonly 
referred  to  as  a  rating  curve)  you  can  remove  or  explain  much  of  the 
variance  due  to  flow  and  make  a  stronger  test  of  the  treatment  effect. 

A  suspended  solids  rating  curve  is  illustrated  in  Figure  2.  Note,  a 
log  X  transformation  has  been  applied  to  the  data  to  obtain  a  linear 
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Figure  2.  Hypothetical  rating  curves  of  suspended  solids 
(log  Qss)  versus  flow  (log  Qy^)  for  Stations  A  and  B. 


regression.  This  is  usually  required  since  most  water  quality  constituents 

are  best  related  to  flow  by  a  power  function,  which  can  be  linearized  with 

a  log  X  transformation.  To  test  for  the  treatment  effect,  we  would  compare 

the  slopes  of  the  regression  lines  and  their  intercepts.  The  hypotheses  to 

be  tested  are  as  follows: 

Hq:  slope  A  =  slope  B    Hq:  intercept  A  =  intercept  B 
H^:  slope  A  t   slope  B    Hg:  intercept  A  f-   intercept  B 

Covariance  analysis  would  be  the  statistical  method  employed  to  make  these 
comparisons. 

If  the  above  and  below  stations  were  established  prior  to  the 
treatment  and  a  paired  sample  data  base  developed  both  before  and  after  the 
treatment,  the  opportunity  exists  to  develop  a  paired-station  plot.  Such  a 
plot  for  suspended  solids  concentrations  at  Stations  A  and  B,  both  before 
and  after  treatment,  is  illustrated  in  Figure  3.  In  general,  these 
regressions  have  strong  correlation  coefficients  because  many  of  the 
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Figure  3.  A  paired-station  plot  for  suspended  solids  concentration. 


background  variables  that  contribute  to  variance  in  the  data,  such  as 
climatic  and  hydrologic  variables,  have  been  normalized  at  both  stations. 
Consequently,  this  method  enables  us  to  make  a  better  assessment  of  the 
treatment  effects  than  any  of  the  methods  previously  described.  The  actual 
statistical  comparison  is  the  same  as  that  explained  for  the  regression 
curves. 

In  some  cases,  we  cannot  isolate  a  treatment  by  placing  stations  above 
and  below.  Such  an  instance  is  illustrated  in  Figure  4.  Here  the 
treatment,  which  could  be  a  vegetative  conversion  on  a  grazing  allotment, 
covers  an  entire  tributary  system.  There  are  two  approaches  to  locating 
sampling  stations  in  this  case.  The  first  is  to  simply  position  a  station 
immediately  below  the  treatment  (such  as  Station  A,  Figure  4),  and  another 
one  (such  as  Station  B,  Figure  4)  on  a  watershed  which  is  similar  to  the 
treated  watershed  in  all  respects  (that  is  climate,  geology,  soils, 
vegetation,  land  use,  etc.)  except  it  is  not  influenced  by  the  treatment. 
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Figure  4.  Sample  station  location  for  the  paired  watershed  approach. 


With  either  approach,  a  valid  assessment  of  the  treatment  effect  would 
require  sampling  both  before  and  after  the  treatment.  If  only  one  station 
is  established,  the  statistical  comparison  will  be  made  using  the  before 
and  after  means  or  regression  lines.  If  two  stations  are  established,  the 
comparisons  can  be  made  using  the  before  and  after  means  or  paired-station 
regressions.  The  paired  station  approach  is  recommended  over  the  single 
station  approach  because  it  allows  you  to  account  for  year-to-year 
variation  in  climate  and  hydrology. 

Compliance  monitoring  is  generally  performed  to  protect  public  health 
and  to  assure  that  waters  draining  from  National  Forest  System  lands  meet 
State  water  quality  standards.  In  general,  station  location  involves  the 
positioning  of  a  single  sampling  station  or  a  pair  of  stations.  Consider 
the  situation  where  the  drinking  water  in  a  campground  needs  to  be  tested. 
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In  general,  there  is  a  single  water  source,  such  as  a  well  or  stream,  from 
which  the  water  is  collected  and  distributed  through  lines  to  various 
locations  within  the  campground.  In  this  type  of  a  situation,  care  should 
be  taken  not  to  select  a  single  water  tap  and  designate  it  as  the  sampling 
station,  but  instead  each  time  a  sample  is  required,  select  any  one  of  the 
water  taps  at  random  (not  haphazardly)  and  then  collect  the  sample. 

In  the  case  of  a  swimming  beach,  such  as  that  illustrated  in  Figure  5, 
you  might  have  to  establish  several  sampling  stations.  Because  of  the 
shape  of  the  lake,  one  sampling  station  may  not  be  enough  to  provide  a 
representative  sample.  Consequently,  the  area  of  concern  may  have  to  be 
divided  into  homogeneous  strata,  each  of  which  is  sampled  separately.  This 
type  of  sampling  design  enables  you  to  make  a  direct  comparison  with  the 
standard  or  compare  the  sample  mean  with  the  standard. 

Sometimes  compliance  monitoring  requires  the  surveillance  of  point 
sources.  Consider,  for  example,  a  sewage  lagoon  which  treats  the  waste 
from  a  campground  and  whose  effluent  drains  into  a  perennial  stream  (Figure 
6).  There  are  two  approaches  to  locating  sampling  stations  in  this 
situation.  If  the  State  standards  require  the  effluent  to  be  of  a  fixed 
quality  or  better,  the  station  should  be  positioned  to  sample  the  effluent 
directly,  such  as  in  Case  I,  Figure  6.  If  the  State  standards  require  that 
the  effluent  not  increase  the  stream's  composite  load  by  a  certain 
difference,  such  as  temperature  by  2°C,  stations  would  have  to  be 
positioned  above  and  below  the  outfall  (Case  II,  Figure  6). 

Baseline  monitoring  is  designed  to  provide  information  on  water 
quality  trends.  In  general,  stations  are  positioned  strategically 
throughout  a  Forest  or  District  (such  as  at  the  mouths  of  major  streams  or 
confluences  of  major  tributaries)  to  obtain  trend  information  for  a  wide 
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Figure  5.  A  plane  view  of  a  sampling  station 
location  at  a  swimming  beach  along  a  lake. 
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Figure  6.  Sampling  station  location  for  two  cases,  I  and  II, 
in  which  a  point  source  effluent  is  draining  into  a  stream. 
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range  of  conditions,  such  as  climate,  topography,  geology,  soils, 
vegetation  and  land  use. 

Inventory  monitoring  is  designed  to  characterize  the  water  quality  of 
a  Forest  on  a  broad  scale.  Sampling  stations  are  usually  located  on  major 
streams  at  or  near  the  Forest  boundary  or  at  other  strategic  locations 
within  the  Forest.  These  stations  are  often  positioned  so  that  they 
integrate  several  different  land  uses.  As  a  result,  the  quality  of  water 
at  these  stations  often  times  represents  the  cumulative  impacts  resulting 
from  multi-resource  management  activities  on  the  Forest. 

6.1.2  Station  Location  as  Influenced  by  the  Water  Type 

In  general,  there  are  three  types  of  water  bodies  of  concern  to  the 
forest  hydrologist:  (1)  streams,  (2)  lakes  and  reservoirs,  and  (3) 
groundwater.  The  establishment  of  sampling  stations  along  or  in  any  of 
these  water  bodies  is  directly  related  to  the  characteristics  that  control 
the  movement  of  water  and  distribution  of  water  quality  parameters  in  that 
water  body. 

There  are  several  factors  that  you  should  consider  when  you  are 
locating  sampling  stations  in  streams:  (1)  tributaries,  (2)  mixing 
characteristics,  (3)  suitability  for  discharge  measurements,  (4) 
accessibility,  and  (5)  suitability  for  biological  monitoring.  Tributaries 
should  always  be  considered  in  locating  sampling  stations  because  of  the 
effect  they  can  have  on  the  receiving  water.  The  question,  however,  is 
whether  or  not  a  specific  tributary  should  be  included  in  the  monitoring 
program.  In  general ,  tributaries  involved  in  cause-and-effect  and 
compliance  monitoring  studies  should  be  monitored.  If  they  are  not 
included,  it  is  very  difficult  to  isolate  constituents  of  concern  and 
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minimize  variability »  An  example  of  station  location  for  a 
cause«and-effect  study  in  which  a  tributary  is  involved  is  presented  in 
Figure  7.  By  placing  sampling  stations  above  and  below  the  clearcuts 
(treatment  of  concern)  on  both  the  mainstem  and  tributary  allows  us  to 
assess  the  effect  of  logging  on  stream  quality  and  to  exclude  the  effects 
of  the  pasture  and  the  mountain  home  development. 

The  problem  lies  with  baseline,  inventory,  and  mixed  monitoring 
studies  where  large  areas  are  involved.  It  is  not  practical  to  include 
every  tributary  in  our  monitoring  network,  yet,  how  do  we  decide  which  ones 
to  include?  Ideally,  the  best  way  to  make  this  assessment  is  to  carry  out 
a  preliminary  reconnaissance  and  sample  all  the  tributaries  at  least  once. 

However,  most  of  the  time  this  is  not  possible  because  of  constraints 
in  manpower,  time,  and  money.  The  hydrologist,  therefore,  must  consider 
each  tributary  separately  and  develop  a  list  of  potential  tributaries  to 
sample.  Averett  (1976)  suggests  you  consider  the  following  guidelines  when 
performing  this  task. 

1.  Be  thoroughly  familiar  with  the  physical  characteristics  of  the 
system  you  are  studying.  Consider  such  things  as  drainage  area, 
geology,  soils,  vegetative  type  and  land  use.  A  large  variation 
of  any  of  these  factors  in  a  tributary  from  the  conditions  of  the 
mainstem  calls  for  the  tributary  to  be  included  in  the  sampling 
network. 

2.  Consider  the  dissolved  solids  concentration  or  the  electrical 
conductivity  of  the  tributary.  If  during  low  flow  periods 
electrical  conductivity  or  dissolved  solids  are  higher  or  lower 
when  compared  to  the  mainstem  flow,  then  you  have  strong  reason 
to  consider  monitoring  the  tributary. 

3.  Look  for  sediment  plumes  and  sand  and  gravel  bars  near  the  mouth 
of  tributaries.  The  presence  of  these  features  is  an  indicator 
of  erosion  upstream  and  is  reason  to  consider  monitoring  the 
tributary. 

4.  If  a  tributary  provides  a  proportionately  large  volume  of  flow  to 
the  mainstem,  you  should  consider  establishing  a  monitoring 
station  at  its  mouth.  An  upstream  tributary  inay  be  small 
compared  to  the  downstream  mainstem.  However,  in  its  upstream 
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Figure  7.  Example  of  sampling  station  location  for  a  cause-and-effect 
monitoring  study  in  which  a  tributary  is  involved.  Stations  A  and  C  lie  on 
the  mainstem  while  Station  B  is  on  the  tributary. 

location,  the  tributary  may  contribute  substantially  to  the 
mainstem  both  in  quantity  and  quality.  In  other  words,  you 
should  not  select  tributaries  for  sampling  based  upon  volume  of 
flow  alone,  but  rather  based  on  their  volume  relative  to  the 
mainstem  at  the  confluence. 

5,   If  a  tributary  is  of  sufficient  volume  and  different  water 

quality  to  influence  the  mainstem,  it  may  be  useful  to  establish 
some  stations  on  the  tributary  other  than  at  its  mouth. 

How  well -mixed  a  water  quality  constituent  is  in  a  stream  is  dependent 
upon  the  physical  and  chemical  nature  of  the  constituent  as  well  as  the 
physical  characteristics  of  the  stream.  The  physical  characteristics  of 
the  stream  which  affect  mixing  include  temperature,  depth,  velocity, 
turbulence,  slope,  changes  in  direction,  and  roughness  of  the  bottom. 

In  general,  if  the  sampling  point  of  interest  is  some  distance 
downstream  from  a  tributary  or  other  point  source,  such  as  a  sewage  outfall 
or  irrigation  return  flow,  the  water  quality  is  usually  fairly  well  mixed 
across  the  cross  section.  Most  sampling  problems  involve  mixing  below 
tributaries  and  other  point  sources.  Vertical  mixing  (from  surface  to 
bottom)  is  usually  quite  rapid  due  to  the  turbulence  of  mountain  streams. 
Lateral  mixing  (from  one  side  to  the  other),  on  the  other  hand,  may  not  be 


complete  until  the  stream  has  passed  through  several  sharp  bends.  Consider 
the  example  presented  in  Figure  8.  The  water  from  the  tributary  "hugs"  the 
bank  until  the  first  bend  has  been  entered.  In  this  bend,  the  tendency  of 
the  water  is  to  continue  in  a  straight  line  and,  as  a  result,  mixing 
begins e  By  the  time  the  water  enters  the  third  bend,  the  lateral  mixing  is 
nearly  complete.  Consequently,  when  you  are  positioning  stations  below  a 
tributary  or  other  point  source,  make  sure  that  you  thoroughly  consider  the 
mixing  effects.  If  you  do  not,  your  sample  may  not  be  representative  of 
the  system. 


Figure  8.  An  illustration  of  lateral  mixing. 


When  establishing  sampling  stations  in  the  field,  it  is  important  that 
you  consider  the  suitability  of  each  station  for  discharge  measurements. 
Many  water  quality  studies  on  streams  have  been  of  little  use  because 
discharge  measurements  were  not  made  and  most  water  quality  constituents 
are  flow  dependent.  Without  discharge  measurements,  you  cannot  perform  a 
mass  balance  or  determine  mass  yield,  both  of  which  are  important  water 
quality  data  analysis  techniques. 

Another  concern  when  locating  stations  is  accessibility.  If  a 
sampling  station  is  located  a  substantial  distance  from  a  road,  make  sure 
time  and  manpower  costs  of  sampling  are  considered.  In  many  cases,  bridge 
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locations  are  selected  for  sampling  stations.  They  provide  ready  access  to 
the  entire  cross  section,  even  during  high  flows.  Bridges  are,   however, 
not  without  their  disadvantages.  Their  purpose  is  to  move  traffic  and,  as 
such,  may  not  be  positioned  properly  for  water  quality  monitoring  purposes. 
Bridges  may  influence  the  water  flow  and  quality  at  a  site. 

If  biological  sampling  is  to  be  involved  in  the  study,  you  should 
consider  the  physical  substrate  (boulders,  rubble,  sand,  and  mud),  velocity 
of  flow,  exposure  to  the  sun  and  the  width  and  depth  of  the  stream.  In 
general,  aquatic  biological  sampling  in  streams  involves  systematic 
resampling  of  (1)  a  transverse  or  longitudinal  transect  or  (2)  a  grid  or 
quadrant  system.  Transect  sampling  consists  of  collecting  samples  either 
along  a  section  of  stream  length  of  in  a  line  across  the  stream  (Figure  9). 
Samples  may  be  collected  at  uniform  intervals  along  the  transect  line  or  at 
random.  If  the  transect  line  is  along  the  stream  length  and  includes  pools 
and  riffles,  each  habitat  is  usually  considered  separately  and  sampled 
equally.  A  sampling  grid  or  quadrant  consists  of  an  imaginary  or  physical 
rectangular  arrangement  of  lines,  covering  all  or  part  of  a  given  habitat 
(Figure  9).  A  grid  or  quadrant  sampling  scheme  should,  as  with  the 
transect  scheme,  give  equal  consideration  to  the  various  hr-bitat  types. 

When  locating  sampling  stations  in  a  lake  or  reservoir,  you  need  to 
consider  the  (1)  thermal  stratification,  (2)  circulation  of  the  water,  and 
(3)  morphology  of  the  basin.  Each  of  these  factors  strongly  influences  the 
spatial  distribution  of  the  water  quality  parameters  throughout  the  lake  or 
reservoir. 

In  temperate  regions,  lakes  and  reservoirs  deep  enough  to  stratify 
will  typically  develop  a  temperature  profile  similar  to  that  in  Figure  10. 
This  profile  consists  of  three  zones,  the  epilimnion,  the  metal imnion,  and 
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Figure  9.  Examples  of  transect  and  grid  sampling  schemes » 

A  illustrates  longitudinal  and  transverse  transects  while 

B  illustrates  a  grid  of  nine  sampling  sites  (after  Averett,  1977) 
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Figure  10.     The  three  zones  of  a  temperature 
profile  in  a  stratified  lake. 
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the  hypolimnion,  each  defined  by  the  rate  of  change  in  temperature  with 
depth.  In  general,  the  epilimnion  is  a  fairly  wide  zone  consisting  of  warm 
water  which  has  a  moderate  temperature  gradient.  The  metal imnion  is 
commonly  a  narrow  zone  characterized  by  a  very  rapid  temperature  change  in 
depth.  The  hypolimnion  spans  from  the  base  of  the  metal imnion  to  the 
bottom  of  the  lake  or  reservoir  and  has  a  slight  to  moderate  temperature 
gradient.  Density  differences  of  the  water,  which  are  related  to  the 
temperature,  effectively  isolate  the  hypolimnion  from  the  zones  above 
except  for  particle  exchange  due  to  gravity  or  movement  of  fish.  If 
bacterial  respiration  is  excessive  in  the  hypolimnion,  which  is  usually  the 
case  when  the  water  body  is  in  a  eutrophic  or  enriched  state,  the  dissolved 
oxygen  can  be  depleted  and  anaerobic  conditions  may  develop.  If  this 
condition  occurs  the  dissolution  of  phosphorus,  iron,  manganese  and  other 
trace  metals  from  the  sediments  can  be  expected. 

The  epilimnion  and  metal imnion  are  warmer  than  the  hypolimnion  and  are 
the  zones  of  phytoplankton  production.  As  a  result,  the  water  quality  in 
these  zones  may  be  substantially  different  than  that  of  the  hypolimnion. 

The  point  to  remember  here  is  that  the  thermal  zones  in  a  lake  or 
reservoir  can  have  water  quality  quite  different  from  one  another.  When  a 
surface  site  is  selected  you  must  consider  the  thermal  zones  below  it  and 
make  certain  that  the  samples  you  obtain  are  a^presentative  of  the  system 
you  think  you  are  sampling.  In  many  studies,  you  will  find  it  necessary  to 
establish  several  sampling  stations  along  a  depth  profile  (Figure  11). 
Temperature,  dissolved  oxygen,  specific  conductance,  and  pH  are  very  useful 
measurements  to  make  when  deciding  where  to  locate  sampling  stations  along 
a  depth  profile. 
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Figure  11.  Illustration  of  sample  locations  along  the 
depth  profile  in  a  stratified  lake. 


Circulation  of  the  water  is  another  factor  that  you  need  to  consider 
when  locating  stations  in  lakes  and  reservoirs.  During  the  spring  and 
fall,  the  water  mass  overturns,  due  to  a  density  change  derived  from  the 
seasonal  cooling  or  warming,  and  the  water  obtains  a  uniform  temperature 
throughout  the  entire  depth  profile  (Figure  12).  At  this  time,  the  water 
quality  is  generally  uniform  throughout  the  depth  of  the  lake  and  a  single 
sample  collected  at  0.5  to  1.0  meters  depth  may  be  representative  of  the 
water  column. 

Wind  will  generally  cause  the  water  in  the  epilimnion  to  circulate  and 
facilitates  the  mixing  of  water  quality  constituents  throughout  this  zone 
(Figure  13).  In  the  case  of  a  circular  lake  where  wind  mixing  has 
occurred,  a  sample  collected  at  the  lake's  outlet  would  probably  be  as 
representative  of  the  water  quality  of  the  epilimnion  as  a  sample  collected 
at  the  center  of  this  zone. 

28 


Temperature 


a. 
a 


t 


Figure  12.  Temperature  profile  in  a  lake  or  reservoir  during  the 
period  of  overturn,  either  in  the  spring  or  fall. 
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Figure  13.  An  illustration  of  the  effect  of  wind  on  the 
mixing  of  water  in  the  epilimnion. 


If  the  morphology  of  a  lake  or  reservoir  is  irregular,  the  mixing 
patterns  of  the  epilimnion  by  the  wind  may  vary  substantially.  As  a 
result,  several  sampling  stations  may  be  required  to  characterize  the  water 
quality  of  the  lake.  For  example,  consider  the  lake  illustrated  in  Figure 
14.  Here  we  have  several  land  uses  located  around  a  lake  which  is 
irregularly  shaped.  The  area  around  the  recreational  home  development  is 
shaped  like  an  hour  glass  and  should  probably  have  each  "bulb"  sampled 

29 


fjll 


J 


D 


#s  Sampling  station 


Recreation  home  development 


Figure  14.  A  hypothetical  example  of  where  to  locate  sampling  stations 
to  monitor  surface  water  quality  on  a  multiple  use  lake. 
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separately.  The  island  isolates  a  cove  which  would  require  that  it  be 
sampled  separately.  The  other  coves  and  the  center  of  the  lake  may  or  may 
not  have  to  be  sampled,  depending  on  the  mixing  caused  by  the  wind.  The 
swimming  beach  area,  which  is  divided  by  a  peninsula,  would  require  at 
least  two  sampling  stations.  However,  the  actual  number  of  sampling 
locations  and  intensity  of  sampling  would  depend  upon  the  original 
objectives  of  the  monitoring  plan. 

When  locating  sampling  stations  in  lakes  and  reservoirs,  be  careful 
not  to  overlook  the  areas  of  sediment  deposition  (Averett,  1976).  These 
are  often  areas  of  potential  enrichment  and  may  have  a  substantial 
influence  on  the  water  quality  of  the  lake  or  reservoir  in  the  future  as 
well  as  give  insight  to  past  conditions  of  the  water  body.  You  may  need  to 
obtain  some  grab  samples  or  dredge  hauls  of  the  bottom  sediment  in  your 
sampling  program  to  delineate  these  areas.  You  also  may  wish  to  further 
delineate  your  stations  with  a  bathymetric  map  of  the  lake  or  reservoir  if 
one  is  not  available. 

Most  groundwater  quality  problems  confronting  the  forest  hydrologist 
involve  the  contamination  of  unconfined  or  water  table  aquifers  from  point 
sources,  such  as  solid  waste  disposals  or  leach  fields  below  sewage 
treatment  facilities.  When  locating  your  sampling  stations  for  this  type 
of  problem,  you  need  to  consider  the  soils  and  geology  of  the  area,  flow 
direction  of  the  ground  water  and  accessibility.  Consider  the  example 
illustrated  in  Figure  15  where  we  have  a  solid  waste  disposal  site. 
Precipitation  leaches  through  the  disposal,  picks  up  metals  and  other 
contaminants  and  transports  them  to  the  water  table.  The  soil  and  geology 
of  the  area  influence  the  rate  at  which  leachate  moves  toward  the  water 
table.  Depending  on  the  nature  of  the  contaminant,  the  soil  and  geology 
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Figure  15.  Location  of  sampling  stations  around 
a  solid  waste  disposal  site. 
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may  act  as  a  filter  and  reduce  the  concentration  of  the  contaminant 
reaching  the  water  table.  If  a  clay  lens  is  present,  a  perched  water  table 
may  develop.  The  movement  of  the  ground  water  strongly  influences  where 
the  observation  wells  are  placed.  In  many  cases,  wells  are  simply  located 
above  and  below  the  source  to  quantify  the  effect  of  the  treatment.  In 
other  cases,  the  concern  might  lie  with  the  rate  and  extent  of 
contamination  which  would  require  a  more  extensive  monitoring  program 
(Figure  15).  Sometimes,  we  are  not  even  sure  which  way  the  ground  water 
flows  and  must  position  our  observation  wells  in  a  radial  pattern  around 
the  source  (Figure  16). 


=  Observation  well 


.J 


Figure  16.  Radial  design  of  observation  wells  around  a  point  source. 
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If  the  groundwater  problem  involves  a  confined  aquifer,  it  is 
important  that  you  obtain  knowledge  of  the  aquifer  in  question.  At  a 
minimum  this  should  include  the  areal  extent  of  the  aquifer,  its  width  and 
its  transmissibility.  Walton  (1970)  and  Freeze  and  Cherry  (1979)  present 
several  excellent  illustrative  examples  of  groundwater  monitorlngc 

In  general,  access  is  limited  to  existing  wells  and  as  a  result,  we 
can  only  obtain  sketchy  infonnation  about  the  system.  The  cost  of  drilling 
new  wells  is  usually  prohibitive.  However,  if  the  opportunity  arises  to 
establish  a  well  for  monitoring  purposes,  you  should  consult  a  geologist 
about  placement. 

6.2  Selecting  Water  Quality  Constituents 

Every  water  quality  constituent  you  monitor  represents  an  investment 
in  time,  energy  and  money.  When  designing  your  water  quality  program  be 
sure  that  each  constituent  carries  its  own  weight  and  will  contribute  data 
that  help  solve  the  problem  or  question  at  hand. 

Table  2,  which  is  an  Activity  and  Concerns  -  Water  Quality  Matrix,  has 
been  developed  to  provide  you  with  some  guidelines  for  water  quality 
constituent  selection.  The  left  margin  of  the  table  consists  of  pertinent 
hydrologic  and  water  quality  constituents.  The  hydrologic  constituents 
have  been  included  because  measurement  of  water  flow  and/or  volume  is 
essential  for  most  water  quality  studies  and  it  is  important  that  they  are 
not  overlooked.  At  the  top  of  the  table  is  a  series  of  activities  and 
concerns*  This  series  of  activities  and  concerns  is  not  all  encompassing, 
but  does  include  the  major  ones  of  interest  to  the  forest  hydrologist. 
Each  activity  and  concern,  in  turn,  has  been  subdivided  by  water  type: 
stream  (S),  lake  or  reservoir  (L) ,  and  ground  water  (G).  For  each 
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combination  of  activity  or  concern,  water  quality  type,  and  constituent, 
there  is  one  of  four  priority  codes:  1,  2,  3  or  blank.  A  primary  code,  1, 
suggests  that  it  is  very  important  that  the  constituent  be  monitored. 
Sampling  these  constituents  will  provide  information  which  is  necessary  to 
meet  study  objectives.  A  secondary  code,  2,  suggests  that  it  is  important 
that  a  constituent  be  monitored,  however,  if  funds  are  restricted,  these 
constituents  should  be  considered  a  lower  priority  than  those  coded  by  a  1. 
These  constituents  usually  supply  supporting  information  which  address  the 
study  objectives.  A  tertiary  code,  3,  means  that  this  constituent  probably 
will  contribute  little  direct  information  to  the  study  objectives,  but  may 
be  useful  for  other  purposes.  A  blank  suggests  there  is  no  need  to  monitor 
the  constituent. 

Please  keep  in  mind  that  these  priority  codes  are  presented  only  as 
guidelines.  The  specific  needs  and  objectives  of  your  study  objectives  of 
your  study  may  require  more  emphasis  be  placed  on  certain  constituents  and 
less  on  others. 

For  individuals  interested  in  a  review  of  the  various  water  quality 
constituents,  their  significance  to  beneficial  uses  and  land  use-water 
quality  interactions,  the  following  literature  is  suggested:  Brown  (1972), 
U.S.  EPA  (1977,  1976a,  1976b,  1973  and  1971),  U.S.  Forest  Service  (in 
press),  Greeson,  et  al  (1977),  Guy  (1970),  Hem  (1970),  Krygier  and  Hall 
(1971).  McKee  and  Wolf  (1963),  McNeely,  Neimans  and  Owyer  (1979),  and 
Thatcher,  Janzer  and  Edwards  (1977). 

6.3  Guidelines  for  Determining  Sampling  Frequency 

The  frequency  of  sample  collection  should  be  designed  to  provide  the 
data  necessary  to  (1)  calculate  an  estimate  of  a  specific  population 
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parameter,  such  as  the  mean,  and/or  (2)  develop  a  regression  relationship. 
In  either  case,  we  want  our  parameter  and  regression  estimators  to  fall 
within  some  pre-established  bound  of  reliability.  As  a  result,  sampling 
frequency  should  be  directly  related  to  the  variance  of  the  water  quality 
constituent  of  concern.  In  other  words,  the  more  variable  a  constituent  is 
in  time  and  space,  the  more  frequently  it  must  be  sampled  to  achieve  a 
given  level  of  reliability. 

In  this  subsection,  guidelines  for  determining  sampling  frequency  for 
several  different  sampling  methods  are  presented.  It  should  be  noted  that 
emphasis  has  been  placed  on  application  of  the  methods  opposed  to  the 
intricacies  of  the  underlying  statistical  theory.  For  a  more  detailed 
discussion  of  each  method,  including  the  underlying  theory,  two  references 
are  suggested:  Mendenhal 1 ,  Ott,  and  Schaeffer  (1971)  and  Cochran  (1963). 
Much  of  what  follows  in  this  subsection  has  been  taken  from  Freese  (1962), 
with  minor  modifications. 

6.3.1  Systematic  Sampling 

Systematic  sampling  is  easily  carried  out  and  under  some  circumstances 
is  a  useful  method.  It  consists  of  randomly  selecting  the  first  time  of 
sampling  and  then  selecting  the  remaining  samples  at  some  pre-determined 
interval,  such  as  weekly,  biweekly  or  monthly.  While  this  simple  method 
can  be  easily  used  in  most  water  quality  studies,  it  has  serious 
limitations  in  that  the  data  may  be  biased.  If  the  data  are  biased,  the 
statistical  analysis  may  lead  to  erroneous  inferences  about  the  water  body 
being  examined. 
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6«3.2     Simple  Random  Sampling 

The  fundamental    principle  in  simple  random  sampling  is  that,   in 
choosing  a  sample  of  "n"  observations,  every  possible  combination  of  "n" 
observations  should  have  an  equal   chance  of  being  selected.     For  example, 
if  you  plan  on  collecting  25  daily  samples  over  a  period  of  one  year,  you 
must  choose  the  25  days  of  sample  collection  in  a  random  manner. 

The  question  of  interest  here  is.  How  do  we  determine  "n"?    More  often 
than  not,  "n"  has  been  arbitrarily  selected  by  a  sampler  basing  the 
decision  of  what  "looks  right."     Fortunately,  a  simple,  objective  procedure 
exists  for  determining  "n"  when  using  the  simple  random  sampling  method. 
The  procedure  is  based  on  the  level   of  risk  the  sampler  is  willing  to  take 
when  estimating  the  mean.     The  level   of  riskj   in  turn,   is  directly  related 
to  the  beneficial   use  of  water.     Obviously,  if  you  are  dealing  with  a 
drinking    water    supply  you  would  be  more  concerned  with  the  accuracy  of 
your  estimate  than  if  you  were  dealing  with  a  stock  watering  tank. 

In  planning  a  water  quality  survey,  we  might  state  that  unless  the 
l-in-20  chance  (  a =  0.05)  occurs,  we  would  like  our  sample  estimate  of  the 
mean  to  be  within  some  specified  error  range  of  the  population  mean  such  as 
^E  mg/1.     Since  the  small   sample  confidence  limits  are  computed  as 

Xs^USx  (1) 

where  X  is  the  mean,  t  denotes  the  Student's  t  value  for  a  specified  a  and 
sx  is  the  standard  error  of  the  mean,  this  is  equivalent  to  stating  that 
we  want  £  =  Us?  (2) 

For  a  simple  random  sample  the  standard  error  of  the  mean  can  be  determined 

by  s«  =  /tt  {'  -  S)  (3) 

where  s^  is  the.  sample  variance,  "n"  the  number  of  units  sampled  and  M  is 
the  total  number  of  units  in  the  population.  Substituting  equation  (3) 
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into  equation  (2)  and  solving  for  "n"  yields  equation  (4). 

1 


n  = 


^'     .1 


t^sl   N  (4) 

To  determine  "n",  we  must  have  some  estimate  of  the  population  variance, 
$2.  Sometimes  the  information  is  available  from  previous  surveys.  In 
the  absence  of  this  information,  a  small  preliminary  survey  might  be  made 
in  order  to  obtain  an  estimate  of  the  variance.  When,  as  often  happens, 
neither  of  these  solutions  is  feasible,  a  very  crude  estimate  can  be  made 
using  equation  (5)  where  R  is  the  estimated  range  from  the  smallest  to  the 


s^  =  (5" 


4/  (5) 

largest  concentration  (mass)  likely  to  be  encountered  in  sampling.  This 
approximation  procedure  should  be  used  only  when  no  other  estimate  of  the 
variance  is  available  and  the  observations  are  approximately  normally 
distributed. 

Having  specified  a  value  of  E  and  obtained  an  estimate  of  the 
variance,  the  last  piece  of  information  required  is  the  value  of  t.  Here 
we  hit  a  circular  problem.  To  use  t  we  must  know  the  number  of  degrees  of 
freedom.  However,  the  number  of  degrees  of  freedom  is  "n-1"  and  "n"  is  not 
known  and  cannot  be  determined  without  knowing  t. 

An  iterative  approach  can  be  used  to  solve  this  problem.  The 
procedure  is  to  guess  at  a  value  of  "n,"  use  the  guessed  value  to  get  the 
degrees  of  freedom  for  t  and  then  substitute  the  appropriate  t  value  into 
the  sample-size  formula  (equation  4)  and  solve  for  a  first  approximation  of 
n.  Selecting  a  new  "n"  somewhere  between  the  guessed  value  and  the  first 
approximation,  but  closer  to  the  latter,  we  compute  a  second  approximation. 
The  procedure  is  repeated  until  successive  values  of  "n"  are  nearly  the 
same;  usually  three  trials  will  suffice. 
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n 
If  the  sampling  fraction  is  likely  to  be  small  {j\   <  0.05)  .--v 

n  .^y 

the  term  l-|f  of  the  standard  error  formula  (3)  can  be  ignored  and         ^^ 

the  sample  size  formula  (4)  simplifies  to 

n  =  ^  (6)      • 

Examples  2a  and  2b  illustrate  the  estimation  of  sample  size  for  the 
simple  random  sampling  method. 
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Example  2a 
Estimating  Sample  Size  for  the  Simple  Random  Sampling  Method 


Problem: 

Blue  Spruce  Reservoir,  which  is  underlain  by  gypsum  bearing  rock 
formations,  drains  into  Camp  Creek.  There  is  some  concern  by  downstream 
users  that  the  sulfate  concentrations  are  excessively  high.  The  Forest 
Supervisor  would  like  an  estimate,  within  15  mg/1,  of  the  mean  annual  SO4 
concentration  passing  the  stream  gage  immediately  below  the  outlet  spillway 
with  a  fairly  high  degree  of  reliability  (a=  0.05).  There  is  little 
fluctuation  in  the  discharge  from  the  dam,  therefore,  simple  random 
sampling  can  be  applied.  Assume  the  SO4  concentration  varies  between  20 
and  100  mg/1  during  the  year.  Estimate  the  necessary  sample  size,  n. 

Solution: 

If  the  sample  size  is  less  than  18,  then  we  may  use  the  simplified 
formula  since  18/365  =  0.049  <  0.05. 

We  know  from  the  problem  that  E  =  15  mg/1,    a=  0.05  and  R  =  80  mg/1.     The 
variance  can  be  estimated  as  follows. 

To  determine  t  we  can  use  as  a  first  approximation  n  =     18  which  yields  17 
d.f.  and  t. 05(17)  =  2.110   (See  Appendix  Table  A,  Values  of  t).     The  first 
estimate  on  n  can  now  be  calculated. 


(2. 11  of  (400) 
n  =  7.91 


"=  15^ 


The  correct  solution  is  somewhere  between  7.91  and  18,  but  much  closer  to 
7.91.  For  our  second  trial  we  select  n  =  8.  The  value  of  t  now  becomes 
2.365. 

^  _  (2.365f  400 
(15f 

n  =  9.94 
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We  now  know  the  correct  solution  lies  between  8  and  9«94.  Repeated  trials    -«^ 
will  give  values  between  9.1  and  9.94.  Since  the  sample  size,  n,  must  be       J 
an  Integral  value  and,  because  9  is  too  small,  a  sample  of  n  «  lo 
observations  would  be  required  for  the  desired  precision. 


y 
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Example  2b 
Estimating  Sample  Size  for  Simple  Random  Sampling 

Problem: 

A  preliminary  sample  (10  observations)  of  electrical  conductivity  in 
the  epilimnion  of  Elk  Lake  yielded  the  following  statistics. 

X  =  187    s  =  35 

What  sample  size  would  be  required  to  estimate  the  mean  EC  in  the 
epilimnion  of  Elk  Lake  within  plus  or  minus  10  percent,  with  a  l-in-20 
chance  of  being  wrong  in  the  conclusion  that  you  have  done  so.  Assume 
simple  random  sampling  is  to  be  employed  and  j^j-is  less  than  0.05. 

Solution: 

The  confidence  limits  on  the  mean  are  given  by 

X  ±  t„  -p= 


Therefore: 

35 


187  ±  to5 


The  95  percent  confidence  limits  of  plus  or  minus  10  percent  of  the 
mean  gives 


18.7  =  to5 


_35_ 


Solving  for  "n"  yields 


n^  to.' (35)' 


(18.7)' 


For  our  first  trial  we  select  n  =  25  which  gives  us  24  d.f.;  therefore 
t05(24)  =  2.064. 


2  /oe\2 


^  _  (2.064f  (35) 
(18.7)^ 


n  =  14.9 
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We  know  the  correct  solution  lies  between  14,9  and  25,  but  closer  to  14.9. 
For  our  second  trial  n  is  set  at  16. 


2  /ie\2 


(2.131f  (35)' 
(18.7)' 

n  s  15.9 


From  repeated  trials  we  find  little  difference  in  the  calculated  n, 
therefore  we  select  16  as  the  sample  size. 


^ae  (^a&  ^Mooeoa^  fK>^oa 
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In  some  cases  you  may  want  to  determine  your  sample  size  based  on  a 
pre-established  estimate  of  the  magnitude  of  change  (difference)  In  the 
concentration  or  mass  of  a  water  quality  constituent  between  paired 
stations.  As  with  other  procedures  used  to  estimate  sample  size  when 
simple  random  sampling  is  employed,  this  method  is  also  based  on  a  good 
estimate  of  the  sample  variance.  The  method  outlined  below  is  discussed  in 
detail  by  Snedecor  and  Cochran  (1967)  and  has  been  summarized  by  Potyondy 
(1977). 

The  procedure  requires  you  to  select  a  value,  d,  which  represents  the 
size  of  difference  between  the  paired  stations  that  is  regarded  as 
important.  If  the  difference  is  as  large  as  d,  we  would  like  the 
monitoring  program  to  have  a  high  probability  (probabilities  of  0.80  and 
0.90  are  common)  of  showing  a  statistically  significant  difference  between 
the  paired  stations.  In  statistical  jargon,  the  calculation  allows  the 
selection  of  the  confidence  level  of  the  test  (1  -  a)  as  well  as  the  power 
of  the  test  (1-6)  and  combines  these  two  elements  in  determination  of  the 
sample  size. 

The  following  example  taken  from  Potyondy  (1977)  is  used  to  illustrate 
the  mechanics  of  this  procedure.  Consider  the  following  sample  statistics 
from  a  set  of  turbidity  data  collected  on  the  East  Fork  Smiths  Fork 
Barometer  Watershed  in  Utah  and  Wyoming:  X  =  4.5  JTU;  s  =  2.83.  (It 
should  be  noted  that  an  underlying  assumption  of  this  procedure  is  that  the 
data  are  normally  distributed.)  The  standard  deviation,  s,  can  be 
expressed  as  a  percent  of  the  mean,  referred  to  as  the  coefficient  of 
variation,  CV.  Therefore: 

CV  =  (s/X)100  =  (2.83/4.5)100  =  63%  (7) 
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The  standard  deviation  of  the  difference,  s^,   is  estimated  as: 

Sd  =    "2vCV  =«     2v(63)   =  89%  (8) 

Suppose  we  wish  to  detect  a  difference  of  5  JTU's  between  the  paired 
stations  of  interest.     Expressed  as  a  percent  of  the  mean,  the  difference 
to  be  detected,  d,   is  determined  as  foUowsi 

d  *   (5,0/4.5)100  -  UU  (9) 

Assume  that  we  want  to  be  90  percent  certain  of  showing  a  statistically 
significant  difference  between  means  in  a  two-tailed  t-test  at  the   a  =  0.05 
level   of  significance. 

The  following  formulas  apply: 

"1  -  ^^y^  "(1-8^)  (10) 

where  M(o.9o^o.o5)   is  a  multiplier  from  Table  3  which  is  equal   to  10.5. 
Substituting  and  solving  for  n-j  yields: 

ni  =^  (892/1112)  (10.5)   -  6.75 
which  is  rounded  up  to  the  next  highest  integer 

n-j  *  7 
Degrees  of  freedom,  v,  are  determined  as  follows: 

v=  Zni  -  2  =   (2)  (7)   -  2  =  12  (11) 

The  required  sample  size,  n,  can  now  be  determined. 

Sample  size  =  n  «  (v+  3)   n|/(v+  l)  -   (15)(7)/(13)  =  8.08         (12) 
The  sample  size  to  use  is  rounded  to  8. 


Table  3.     Multiplier  (M)  of  (Sa/d2)  to  be  used  in  paired  comparitive 

sample  size  calculations  (after  Potyondy,  1977). 

Two-tailed  Tests  One- tailed  Tests 
(1-8)                        a  level  a  level 

0.01     0.05     0.10  0.01     0.05     0.10 


0.80  11.7       7.9       6.2  10.0       6.2       4.5 

0.90  14.9     10.5       8.6  13.0       8.6       6.6 

.95  17.8     13.0     10.8  15.8     10.8       8.6 
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Although  simple  random  sampling  has  its  place  in  water  quality 
monitoring,  it  is  limited  because  the  watershed  system  under  investigation 
is  too  variable  with  regard  to  its  component  parts.  Fortunately  the 
component  parts  of  most  watershed  systems  vary  within  a  definite  and 
repeated  pattern  and  their  variability  can  be  reduced  and  better  understood 
using  stratified  random  sampling  methods  (Averett,  1976). 

6.3.3  Stratified  Random  Sampling 

Stratified  random  sampling  is  a  commonly  used  sampling  method  in  water 
quality  studies.  This  method  allows  the  hydro! ogist  to  take  advantage  of 
prior  knowledge  concerning  the  mechanisms  and  processes  controlling  the 
water  quality  in  a  watershed  system.  In  stratified  random  sampling,  the 
units  of  the  population  are  grouped  together  on  the  basis  of  similarity  of 
some  characteristic,  such  as  flow  regime  (that  is  baseflow,  stormflow, 
snowmelt  runoff,  etc.)  or  temperature  in  a  lake,  such  as  the  epilimnion  and 
the  hypolimnion.  Each  group  or  stratum  is  then  sampled  and  the  stratum 
estimates  are  combined  to  give  a  population  estimate. 

Stratified  random  sampling  offers  two  primary  advantages  over  simple 
random  sampling.  First,  it  provides  separate  estimates  of  the  mean  and 
variance  of  each  stratum.  Second,  for  a  given  sampling  intensity,  it 
generally  gives  more  precise  estimates  of  the  population  parameters  than 
would  a  simple  random  sample  of  the  same  size.  For  this  latter  advantage, 
however,  it  is  necessary  that  the  strata  be  established  so  that  the 
variability  among  sample  values  within  the  strata  is  less  than  the 
variability  in  the  population  as  a  whole. 

Some  drawbacks  of  stratified  random  sampling  are  that:  (1)  each  unit 
in  the  population  must  be  assigned  to  one  and  only  one  stratum;  (2)  the 
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size  of  aach  stratum  must  be  known;  and  (3)  a  simple  random  sample  must  be 
taken  in  each  stratum.  The  most  common  barrier  to  the  use  of  stratified 
random  sampling  is  lack  of  knowledge  of  the  strata  sizes. 

To  illustrate  the  computational  procedures  required  to  determine  the 
mean  and  its  confidence  limits  from  a  stratified  random  sample  consider  the 
electrical  conductivity  data  tabulated  in  Table  4c  The  flow  regime  was 
divided  into  three  periods  (strata):  (1)  winter  baseflow  (November  1/ 
April  15);  (2)  snowmelt  runoff  (April  16/Jaly  15);  and  (3)  summer  runoff 
(July  16/October  30).  Grab  samples  were  collected  ten  times  during  winter 
baseflow,  25  times  during  snowmelt  runoff  and   15  times  during  summer 
runoff.  Only  one  sample  was  collected  per  day  and  each  sample  day  was 
selected  at  random. 


Table  4.  Electrical  conductivity  data  (umhos/cm)  collected  from  a  Rocky 
Mountain  stream. 


O 


Stratum 


I.  Winter  Baseflow 


Observat 

ions 

110 

112 

100 

119 

105 

113 

115 

106 

107 

100 

89 

73 

51 

41 

57 

72 

54 

43 

47 

69 

43 

50 

49 

51 

77 

51 

62 

68 

63 

81 

68 

74 

39 

48 

85 

Total  =  1087 
T  =  108.7 
s  =     6.25 


n.  Snov^nelt  Runoff 

Total   ^  1505 
X  =  60.2 
s  =  14.6 


III.  Summer  Runoff                      156  172  191 

145  164  210 

Total  =  2476                    129  178  139 

I  -  165.1                        187  154  145 

s  ^   21.78                       159  167  180 


48 


^ 


tf 


The  mean  EC  of  the  stratified  sample  is  computed  by  the  general 
equation 


Xxs  = 


N 


(13) 


Where  Xjs  is  the  mean  of  the  stratified  sample,  L  the  number  of  strata, 
Nh  is  the  total  size  (number  of  possible  observations)  of  stratum  h,  and 
N  is  the  total  number  of  observations  in  all  strata.  Using  the  data 
presented  in  Table  2,  the  mean  can  be  calculated  as  follows: 
L  =  3 


Ni  =  166 
Nn  =  91 
Nni  =  108 
N  =  365 


Xi=  108.7 
Xn  =  60.2 
Xin  =  165.1 


=^  166(108.7)  +  91(60.2)  +  108(165.1) 

365 

ECts  =  113^1  mhos/cm 

The  mean  EC  computed  here  is  basically  a  time  weighted  average  which  is  the 
average  daily  EC  of  the  water  passing  the  point  of  measurement. 

The  standard  error  of  the  mean  of  a  stratified  random  sample  is 
calculated  by  the  general  equation 


»XT 


N's' 


(14) 


where  n^  is  the  number  of  observations  in  stratum  h,  s^h  ''s  the 
variance  of  sample  from  stratum  h  and  the  other  terms  are  as  previously 
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defined.  If  the  sampling  fraction  within  a  particular  stratum  (nn/Nh)       [j^ 
is  small  (that  is  less  than  0.05),  the  term  (l-n^/Nh)  can  be  omitted 
for  that  particular  stratum  when  calculating  the  standard  error  of  the 
meano  For  the  electrical  conductivity  example  the  standard  error  can  be 
calculated  as  follows: 


Sirr 


(166r  (6.25r  /.        10  \    ,    (91f  (14.6r   /.       2§\   ,    (108)^(21.78)^  /,        15  \ 

10        l^  "  leiJ  ^  "      25~  V^T^)^  " — W~  V  "  Toai. 

S5tT  =  1.88 


A  rough  estimate  of  the  95%  confidence  interval   about  the  mean  can  be 
obtained  using  equation  (15). 

XsT  ^  2(S,r).  (15) 

For  our  electrical  conductivity  example,  the  confidence  Interval  would 
range  from  109  to  117  umhos/cm. 

Before  an  estimate  of  the  total  sample  size  can  be  made,  the 
hydrologist  must  select  the  method  of  sample  allocation.  Basically,  there 
are  two  methods  of  sample  allocation:  proportional  and  optimal.  In  the 
proportional  allocation  procedure,  the  proportion  of  the  sample  that  is 
selected  in  the  h^Ji  stratum  is  made  equal  to  the  proportion  of  all  units 
In  the  population  which  fall  in  that  stratum.  If  a  stratum  contains  half 
of  the  units  in  the  population,  half  of  the  samples  would  be  collected  in 
that  stratum.  In  equation  form,  if  the  total  number  of  sample  units  is  to 
be  "n,"  then  for  proportional  allocation  the  number  to  be  observed  in 
stratum  "h"  is 

"   ^N/  (16) 

In  optimum  allocation  the  observations  are  allocated  to  the  strata  so 
as  to  give  the  smallest  standard  error  possible  with  a  total  of  "n"        ^ 
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observations.     For  a  sample  size  "n,"   the  optimum  allocation  is 


n„  = 


In.sJ  (17) 


The  best  way  to  allocate  a  sample  among  the  various  strata  depends  on 
the  study  objectives  and  our  information  about  the  population.  The  optimum 
allocation  is  preferable  if  the  objective  is  to  get  the  most  precise 
estimate  of  the  population  mean  for  a  given  cost.  If  we  want  separate 
estimates  for  each  stratum  and  the  overall  estimate  is  of  secondary 
importance,  we  may  want  to  sample  heavily  in  the  strata  having  high-value 
information.  Then  we  would  ignore  both  optimum  and  proportional  allocation 
and  place  our  observations  so  as  to  give  the  degree  of  precision  desired 
for  the  particular  strata. 

The  procedure  for  estimating  the  total  size  of  sample  (n)  needed  in 
stratified  random  sample  can  now  be  addressed.  Basically  three  pieces  of 

information  are  required: 

2 

(1)  a  reasonably  good  estimate  of  the  variance  (s^)  or  standard 

deviation  (s^)  among  individuals  within  each  stratum. 

(2)  the  method  of  sample  allocation. 

(3)  a  statement  of  the  desired  size  of  the  standard  error  of  mean, 
symbolized  by  D. 

Some  preliminary  sampling  is  generally  required  to  determine  the 
desired  size  of  the  standard  error  of  the  mean.  The  estimate  of  D  in  the 
sample  size  equations  is  generally  taken  to  be  some  portion,  such  as 
two-thirds  or  one-half,  of  the  standard  error  calculated  from  the 
preliminary  sample. 
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Given  this  hard-to-obtaln  information,  the  stratified  random  sample 
size  can  be  estimated  by  the  following  equations. 
For  proportional   allocation: 


U'nTn^s.' 


_  Hal 

n    3E     ._=^„_==_= 


(18) 


ns  1 


For  optimum  allocation: 


L  ^' 


tji^N^SJ  ^gj 


H'  D'  +  tj  T  N.  s. 


The  value  "2"  Is  commonly  used  as  an  estimate  of  the  Student's  t 
value.  When  sampling  fractions  (nh/N^)  are  likely  to  be  very  small  for 
all  strata,  the  second  term  of  the  denominators  of  the  above  equations 
may  be  omitted  leaving  only  n2d2. 

If  the  optimum  allocation  formula  indicates  a  sample  (n^)  greater 
than  the  total  number  of  units  (N^)  in  a  particular  stratum,  n^  is 
usually  made  equal  to  N^.  The  previously  estimated  sample  size  (n) 
should  then  be  dropped,  and  the  total  sample  size  and  allocation  for  the 
remaining  strata  recomputed  omitting  the  N^  and  sh  values  for  the 
offending  stratum,  but  leaving  N  and  0  unchanged. 

^  Example  3  illustrates  how  to  estimate  the  sample  size  for  a 
stratified  random  sample. 


■J 
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Example  3 
Estimating  Sample  Size  for  a  Stratified  Random  Sample 


Problem: 

The  mean  daily  electrical  conductivity  is  to  be  determined  at  the 
mouth  of  Cabin  Creek  which  is  located  in  the  northern  Colorado  Rockies. 
Estimate  the  sample  size  that  would  be  required  and  distribute  the  samples 
over  a  one  year  period. 

Solution: 

The  flow  regime  can  be  divided  into  three  periods  (strata):  winter 
baseflow  (November  1/April  15);  snowmelt  runoff  (April  16/July  15);  and 
summer  runoff  (July  1/  October  30).  Data  collected  on  a  nearby  stream 
provided  information  about  the  variance. 


Stratum  (h) 

1  (WB) 

2  (SM) 

3  (SRO) 


Nh 

166 

91 

108 


Sh 

8 
24 
41 


An  estimate  of  the  standard  error  of  the  mean,  sx»  was  made  from  past 
data. 

sx  =  5.05 

The  desired  D  is  set  equal   to  one-half  of  sx.     Therefore,  D  =  2.53.      In 
addition,  the  optimal   allocation  method  is  selected  to  allocate  the 
samples. 

The  sample  size,  n,  can  now  be  determined  using  the  optimal    allocation 
method. 


n  = 


(2)M2;n,s, 


1  + 


(2)'  2!  N 


h  ^'h 


N^D' 


N^D' 


296 
2.15 


=  138 


The  determined  n  is  the  sample  size  necessary  to  estimate  the  sample  mean 
with  a  standard  error  of  2.53.  However,  because  of  budgetary  constraints, 
it  may  not  be  possible  to  sample  the  stream  138  times.  If  that  is  the 
case,  then  we  would  have  to  lower  the  reliability  constraint  on  the 
estimate  of  the  mean.  If  we  set  D  =  sx  the  required  sample  size  becomes 

n  =58. 
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In  this  hypothetical  problem  assume  that  n  »  58  is  accepted.  The  next  ^^ 
step  is  to  allocate  the  sample  by  strata^  This  is  achieved  as  follows  ^ 
[from  equation  (19)]. 

Strata  1. 

n  ,  (166)  (8)  (58)  ,  .« 
(winter)  "'  "   7940   "" 

Strata  2. 

( snowmel  t  runoff)        n^  =  OD  (24)  (58)  ^  ^g 

7940 

Strata  3, 

(summer)  ^  ,  (108)  (4i)  (58)  ,  33 

7940 

At  this  point  you  should  look  at  the  allocation  and  ask  yourself  if  it 
looks  righto  In  this  case,  most  of  the  samples  are  allocated  to  the  summer 
runoff  period.  This. is  the  period  of  greatest  variation  in  the  water 
quality  and,  hence,  the  period  that  should  be  sampled  most  intensely.  On 
the  other  hand,  the  water  quality  is  fairly  stable  during  baseflow  and 
requires  the  least  amount  of  sampling.  Snowmel t  varies  twice  as  much  as 
baseflow  but  occurs  over  a  period  equal  to  two-thirds  of  the  period  for     ^J  \ 
baseflow.  As  a  result,  the  sampling  of  snowmel t  looks  about  right.  It  is    '  --^ 
decided  that  the  allocation  is  acceptable. 


^ 
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7.0  Guidelines  for  Collecting  and  Handling  of  Water  Quality  Samples 

Obtaining  representative  samples  and  then  maintaining  the  integrity  of 
the  constituents  is  an  integral  part  of  any  wildland  water  quality  program. 
If  the  samples  are  not  collected  and  handled  properly  the  data  will  be  of 
little  value  no  matter  how  well  the  sampling  program  was  designed. 

Although  analytical  techniques  have  been  standardized  to  a  ^^ery   high 
degree  (American  Public  Health  Association  (APHA)  1976),  at  this  time, 
there  are  no  established  standards  for  USDA-Forest  Service  hydrologists  to 
follow  when  collecting  and  handling  water  quality  samples  even  though  the 
National  Handbook  of  Recommended  Methods  of  Water  Data  Acquisition  (USGS, 
1977)  exists.  As  a  result,  collection  methods  may  differ  between 
hydrologists.  When  analyzing  data,  it  is  generally  taken  for  granted  that 
the  data  are  representative  of  the  water  body  from  which  the  sample  was 
obtained.  However,  this  assumption  can  result  in  erroneous  inferences 
about  the  quality  of  water  body  being  studied,  especially  if  several 
different  individuals  were  involved  in  the  collection  of  the  samples. 
Before  you  compare  data  collected  by  different  individuals,  satisfy 
yourself  that  the  samples  were  collected  and  handled  properly  and  that  the 
data  are  truly  representative  of  the  water  body  from  which  they  were 
collected.  The  methods  of  sample  collection  and  handling  as  well  as  the 
analytical  methods  used  to  measure  each  constituent,  should  be  clearly 
documented  in  the  Water  Quality  Monitoring  Plan  of  Operation. 

The  purpose  of  this  subsection  is  to  discuss  the  types  of  sampling  and 
to  present  guidelines  for  collecting  and  handling  water  quality  samples. 
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7cl     Types  of  Samples 

7.1.1  Grab  Samples 

A  grab  sample  is  a  sample  collected  at  a  particular  time  and  place. 
Strictly  speaking,  a  grab  sample  can  represent  only  the  composition  of  the 
water  body  at  that  time  and  place.  However ,  when  a  water  body  1s  known  to 
be  fairly  constant  In  composition  over  a  considerable  period  of  time  or 
over  substantial  distances  in  all  directions,  then  a  grab  sample  may  be 
said  to  represent  a  longer  time  period  or  a  larger  volume,  or  both,  than 
the  specific  point  at  which  it  was  collected  (APHA,  et  al ,  1976).  When  a 
water  body  is  known  to  vary  with  time,  grab  samples  collected  at  suitable 
intervals  and  analyzed  separately  can  be  of  great  value  in  documenting  the 
extent,  frequency  and  duration  of  these  vafiations.  Sampling  intervals 
should  be  selected  on  the  basis  of  the  frequency  with  which  changes  ir^ 
expected. 

7.1.2  Composite  Samples 

In  most  cases,  the  term  "composite  sample"  refers  to  a  mixture  of  grab 
samples  collected  at  the  same  sampling  point  at  different  times  or  to  a 
sample  formed  by  continuously  collecting  a  portion  of  the  flow.  The 
formation  of  a  composite  sample  serves  as  an  alternative  to  the  separate 
analysis  of  a  large  number  of  grab  samples,  followed  by  computation  of  the 
average.  Composite  sampling  can  represent  a  substantial  saving  in 
laboratory  effort  and  funds;  however,  it  should  be  noted  that  this  savings 
in  energy  and  money  is  sometimes  obtained  at  the  expense  of  data 
resolution. 

Composite  samples  can  only  be  used  for  constituents  that  do  not  change 
appreciably  in  character  during  the  interval  from  collection  to  analysis. 
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Under  no  circumstances  should  microbiological  samples  be  composited.  If 
preservatives  are  used,  add  them  to  the  sample  bottle  initially  so  that  all 
portions  of  the  composite  are   preserved  as  soon  as  collected. 

7.2  Sample  Collection 

When  samples  are  collected  from  a  stream,  the  sampler  must  consider 
the  variability  of  constituent  concentration  with  streamflow,  depth,  water 
velocity,  distance  from  the  bank  and  distance  from  one  bank  to  the  other. 
It  is  very  important  that  samples  be  collected  during  representative  flows 
over  the  time  period  of  interest.  If  storm  flows  occur,  it  is  important 
that  they  are  sampled.  In  some  cases,  such  as  suspended  solids,  the 
majority  of  mass  transport  will  occur  during  storm  flow  and/or  snowmelt 
runoff.  In  some  cases,  data  resolution  will  require  sample  collection  on 
both  the  rising-limb  and  falling-limb  of  the  hydrograph. 

If  equipment  is  available,  it  is  best  to  take  an  "integrated"  stream 
sample  from  the  water  surface  to  the  stream  bottom  at  selected  intervals 
across  the  channel  in  such  a  way  that  the  sample  is  made  composite 
according  to  flow.  If  only  a  grab  sample  can  be  collected,  it  is  best  to 
take  it  in  the  middle  of  the  stream  at  the  0.6  depth.  Brown  and  others 
(1970),  Guy  (1970)  and  Greeson  and  others  (1977)  discuss  the  various  types 
of  sampling  equipment  in  detail. 

Lakes  and  reservoirs  are  subject  to  considerable  variations  in  water 
quality  from  normal  causes,  such  as  seasonal  stratification,  precipitation, 
runoff  and  wind.  The  choice  of  location,  depth  and  frequency  of  sampling 
will  depend  on  local  conditions  and  the  purpose  of  the  investigation.  A 
detailed  discussion  of  sample  collection  methods  in  lakes  and  reservoirs 
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and  equipment  used  to  collect  the  samples  is  presented  by  Lind  (1979), 
Schwoerbel  (1970)  and  Welch  (1948), 

The  chemical  quality  of  ground  water  at  a  sampling  point  may  vary  in 
response  to  changes  in  rate  of  water  movement,  to  pumpage,  or  to 
differences  in  rate  and  chemical  composition  of  recharge  from  precipitation 
and  from  the  surrounding  area  (Brown  and  others,  1970).  Although 
concentrations  of  dissolved  constituents  in  ground  water  from  any  one  well 
may  vary  widely,  sometimes  several  fold,  in  general  the  changes  take  place 
much  slower  than  those  commonly  associated  with  surface  water.  Usually,  it 
is  safer  to  assume  that  the  quality  of  the  water  from  a  well  fluctuates 
rather  than  that  it  is  uniform  for  long  periods  of  time.  Changes  in  ground 
water  quality  usually  can  be  described  satisfactorily  by  a  monthly, 
seasonal  or  annual  sampling  schedule.  For  more  information  about  sampling 
ground  water,  see  Hem  (1970),  Walton  (1970)  and  Freeze  and  Cherry  (1979).    "^ 

Samples  should  be  collected  from  wells  only  after  the  well  has  been 
pumped  sufficiently  to  insure  that  the  sample  represents  the  ground  water 
that  feeds  the  well.  Before  samples  are  collected  from  distribution 
systems,  such  as  water  lines  in  a  campground,  flush  the  lines  sufficiently 
to  insure  that  the  sample  is  representative  of  the  water  supply  and 
sterilize  the  water  tap. 

In  all  cases,  sampling  points  should  be  fixed  by  detailed  description, 
by  maps,  or  with  the  aid  of  stakes,  buoys  or  landmarks  in  such  a  manner  as 
to  permit  their  identification  by  other  persons  without  reliance  upon 
memory  or  personal  guidance. 
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7 . 3  Sample  Handling 

A  record  should  be  made  of  eyery   sample  collected  and  eyery   sample 
container  should  be  identified,  preferably  by  attaching  an  appropriately 
inscribed  tag  or  label  (APHA,  et  al ,  1976).  The  record  should  contain 
sufficient  information  to  provide  positive  identification  of  the  sample  at 
a  later  date  as  well  as  the  name  of  the  sample  collector,  the  date,  hour 
and  exact  location,  the  water  temperature,  how  the  sample  was  handled  (that 
is  refrigeration,  acidification,  degassing,  etc.).  and  any  other  data 
which  may  be  needed  in  the  future  for  correlation,  such  as  weather 
conditions,  water  level,  stream  flow,  or  the  like. 

After  the  sample  has  been  collected,  care  must  be  exercised  to  protect 
the  integrity  of  the  sample  to  assure  at  the  time  of  analysis  that  it  is 
representative  of  the  water  body  from  which  it  was  collected.  In  general, 
the  shorter  the  time  that  elapses  between  collection  of  a  sample  and  its 
analysis,  the  iTwre  reliable  will  be  the  analytical  results.  For  certain 
constituents,  such  as  pH,  immediate  analysis  in  the  field  is  required  to 
obtain  dependable  results  because  the  sample  composition  may  change  before 
it  arrives  at  the  laboratory. 

It  is  impossible  to  state  exactly  how  much  time  may  be  allowed  to 
elapse  between  collection  of  a  sample  and  its  analysis;  this  depends  on  the 
character  of  the  sample,  the  particular  analyses  to  be  made  and  the 
conditions  of  storage.  Changes  caused  by  the  growth  of  organisms  are 
greatly  retarded  by  keeping  the  sample  in  the  dark  and  at  a  low  temperature 
until  analysis.  Where  the  interval  between  sample  collection  and  analysis 
is  long  enough  to  produce  changes  in  either  the  concentration  or  the 
physical  state  of  the  constituent  to  be  measured,  follow  the  preservation 
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practices  outlined  in  Table  5.  Record  the  time  elapsed  between  sampling 
and  analysis,  and  which  preservative,  if  any,  was  added. 

Stainton  and  others  (1977)  suggest  several  special  precautions  when 
sampling  for  nutrient  elements.  The  usually  low  levels  of  these  elements 
in  upland  water  resources  make  contamination  a  significant  problem.  While 
the  need  for  clean  samples  and  sample  containers  is  obvious,  there  are 
several  other  contamination  sources  which  must  be  avoided.  Small  amounts 
of  tobacco  ash,  dandruff  and  perspiration  contributed  by  field  personnel, 
or  plant  pollen  and  other  atmospheric  particulates  all  can  introduce 
significant  errors  into  nutrient  element  analysis.  Field  personnel  must  be 
made  aware  of  these  and  other  possible  sources  of  contamination. 

The  foregoing  discussion  is  by  no  means  all  inclusive.  It  is 
impossible  to  prescribe  absolute  rules  for  the  prevention  of  all  possible 
changes.  Some  advice  will  be  found  in  the  discussions  of  methods  of 
determination  of  various  constituents  in  Standard  Methods  (APHA  and  others, 
1976)  and  The  Chemical  Analysis  of  Fresh  Water  (Stainton  and  others,  1977). 
However,  to  a  large  degree,  the  dependability  of  water  quality  data  must 
rest  on  the  experience  and  good  judgement  of  the  samples  and  analyst. 
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Table  A-1.     Values  of  t  (Steel   and  Torrie,  1960). 
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THE  USE  OF   THE  PAIRED-BASIN  TECHNIQUE 
IN  FLOW-RELATED  WILDLAND  WATER-QUALITY   STUDIES 

INTRODUCTION 

One  of  the  responsibilities  of  a  forest  hydrologist  is  to  provide  the 
line  officer  with  reliable  information  concerning  the  quality  of  the  water 
resource.     This  information  is  used  to   (1)  evaluate  the  effectiveness  of 
soil   and  water  conservation  practices,   (2)   determine  if  compliance  to 
public  health  standards  and/or  contractual   obligations  is  being 
accomplished,  (3)   determine  water  quality  trends,  and/or  (4)  evaluate  the 
existing  condition  of  water  quality.     The  problem,  of  course,   is  how  to 
provide  this  information  at  an  acceptable  level   of  reliability  when 
constraints  on  time,  manpower,  and  money  limit  the  number  of  water  quality 
samples  that  can  be  collected  and  analyzed  each  year. 

The  success  of  the  monitoring  activity  is  dependent  on  the  monitoring 
design  and  the  method  selected  for  data  analysis.     Once  the  study 
objectives  have  been  defined,  the  goal    is  to  obtain  the  required 
information  at  a  predetermined  level   of  reliability  with  a  minimum 
expenditure  of  resources.   This  requires  that  the  monitoring  program  and 
subsequent  data  analysis  be  designed  to  minimize  unexplained  variation.     In 
studies  involving  streams,  most  water-quality  constituents  of  interest  to 
the  wildland  hydrologist  are  strongly  related  to  discharge.     To  account  for 
the  variation  due  to  flow,  hydrologists  commonly  use  regression  techniques 
to  evaluate  possible  cause-and-effect  relationships  as  well   as  temporal 
trends. 

The  most  frequently  used  regression  is  simply  a  plot  of  the  discharge 
against  the  concentration  of  a  given  water-quality  constituent.     An 
application  of  this  approach  is  illustrated  below. 

1 


The  question  confronting  the  hydro! ogist  was:     "Does  the  harvested 
area  significantly  affect  the  suspended  sediment  loading  in  Trout  Creek 
during  water  year  1980?"     Sampling  stations  were  placed  upstream  and 
downstreiiR  from  the  harvested  area  (Figure  1).     Suspended- sediment     • 
concentrations  were  measured  at  both  stations  such  that  each  part  of  the 
annual  streamflow  (baseflow,  snowmelt,  stonnflow,  etc.)  was  sampled  during 
water  year  1980.     IhQ  data  were  then  fit  to  the  regression  model: 

log  SS  »  log  bQ  +  b^  log  Q 
where: 

SS  »  suspended-sediment  concentration,  in  milligrams  per  liter; 

bQ  »  regression  coefficient; 

b^  «  regression  coefficient;  and 

Q  a  discharge.  In  cubic  feet  per  seconds 
The  results  were  then  used  to  develop  the  sediment- rating  curves 
illustrated  In  Figure  2. 


TJ^OUT  CREEK 


HARVESTED  AREA 


Figure  1.  Locations  of  stations  A  and  B  in  relation  to  the  harvested  area 
on  Trout  Creek. 


It  should  be  noted  that  the  data  are  widely  scattered  about  the 
regression  lines  (Figure  2).     The  coefficient  of  determination   (r2) 
generally  ranges  between  0.60  and  0.85  for  most  rating-curve  regressions 
involving  water  quality  constituents.      The  unexplained  variation   (1   -  r^) 
in  the  regression  is  due  to  factors  not  accounted  for  by  the  relationship, 
such  as  watershed  conditioning,  climate,   and/or  physical    and  biologic 
factors  (Beschta  et  al .  1981).     Although  hydrologists  typically  seek  to 
minimize  the  unexplained  variation  by  judiciously  selecting  sampling 
periods,  it  is  rare  that  the  r2  will   exceed  0.85.     Ihe  statistical 
difference  between  A  and  B  can  be  determined  with  the  analysis  of 
covariance  (ANCOVA)   test  of  a  common  line  or  with  the  Chow  test  (Wilson 
1978)  if  the  data  meet  the  underlying  assumptions  of  the  statistical 
tests. 
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Figure  2.  Suspended  sediment  (SS)  rating  curves  for  stations  A  and  B. 
Data  collected  at  station  A  are  denoted  by  ",  where  as  data 
collected  at  station  B  are  denoted  by  +. 


Wt  have  found  that  in  some  situations  an  extension  of  the  paired- 
basin  technique,  to  be  discussed  In  the  section  that  followSg  provides  for 
greater  statistical  control   and  enables  the  hydrologlst  to  maximize 
Information  gained  while  minimizing  time,  manpower,  and  other  economic 
expenditures.     The  purpose  of  this  paper  Is  to  discuss  the  paired-basin 
technique  and  Illustrate  its  use  for  possible  cause-and^effect  evaluation, 
trend  analysis,  and  assessment  of  cumulative  Impacts. 

TOE  PAIRED  BASIN  TECHNIQUE 

The  paired-basin  technique  was  first  used  by  U.S.  Forest  Service 
hydrologists  on  the  "Wagon  Wheel  Gap  Streamflow  Experiment"  (Bates  and 
Henry  1928).     Today  the  technique  commonly  is  used  by  hydrologists  to 
quantify  the  effects  of  land-use  practices  on  the  volume  and  timing  of 
streamflow.     In  recent  years,  the  technique  has  been  extended  to  flow- 
related,  water-quali^  studies  by  a  few  investigators  (Averett,  Ponce,  and 
Schlndler  1981;  Schlndler  et  al .  1980;  Singh  and  Kalra  1972;  Thut  and  Haydu 
1971;  Brown  and  Krygier  1971)  and  found  to  be  an  effective  data  analysis 
tool . 

The  paired-basin  technique  uses  two  basins  as  nearly  alike  as 
possible.     Ideally,  both  basins  are  about  the  same  size  and  have  similar 
soils,  vegetation,  elevation,  aspect,  climate,  and  streamflow 
characteristics.     Traditionally,  the    paired-basin  technique  uses  two 
separate  basins:     a  control  basin  providing  a  standard  for  comparison  and  a 
treatment  basin  (Figure  3).     However,  in  many  water-quality  studies  an 
upstream  and  downstream  sampling  method  is  used  to  Isolate  a  treatment  area 
along  a  stream  reach  (Figure  4).     The  paired-basin  technique  also  can  be 
used  In  this  situation.     Instead  of  two  completely  separate  basins,  the 
control   basin  (that  drainage  area  upstream  from  the  upper  sampling  site)   is 
nested  within  the  treatment  basin. 


CONTROL 
WATERSHED 


TREATMENT 


TREATMENT 
WATERSHED 


Figure  3.     An  example  of  the  paired-basin  technique  using  two  separate 
basins. 


TREATMENT 


Figure  4.     An  example  of  the  paired-basin  technique  using  a  nested 
subbasin. 


In  either  case,  traditional   or  nested  design,  the  technique  requires 
that  data  are  collected  both  before  and  after  treatment  at  both  basins 
(stations).     In  the  case  of  the  traditional   design,  prior  to  treatment, 
water-quality  measurements  (paired  in  time)  are  collected  from  both  basins 
throughout  the  hydrologic  regime  of  intertst*     These  data  are  used  to 
establish  the  calibration«period  regression  of  a  water-quality  constituent 
of  one  basin  upon  the  other.     Following  calibration,  the  treatment  basin  is 
treated  and  the  collection  of  water-quality  data  are  continued  in  both 
basins.     The  post- treatment  data  are  used  to  develop  the  treatment-period 
regression.     The  two  regressions  (calibration  and  post-treatment)     are  then 
compared  using  ANCOVA  to  determine  if  there  is  a  statistically  significant 
difference  in  the  water-quality  characteristics. 

There  are  several   factors  that  affect  the  success  of  the  paired- 
basin  technique  (Reinhart  1967).     Those  that  need  to  be  considered 
carefully  when  applying  the  technique  include  natural   correlation, 
stability  of  the  control,  satisfying  the  assumptions  underlying  ANCOYA,  and 
quality  and  size  of  the  data  base. 

Natural  Correlation 

The  degree  of  correlation  that  exists  naturally  between  paired  basins 
for  a  given  water-quality  property  or  constituent  is  of  primary  importance. 
Suspended  sediment,  turbidity,  and  electrical  conductivi'ty  usually 
correlate  well   for  basins  that  are  similar.     This  point  is  illustrated 
using  two  sets  of  basin  pairs  within  the  Bull  Run  Watershed"  on  the 
Mount  Hood  National   Forest,  Oregon  (Figure  5).     The  paired  basins  used  met 
the  underlying  criteria  of  similarity  in  elevation,  aspect,   soils, 
vegetation,  climate,  and  streamflow.     Basin  44  served  as  the  control   and 
was  paired  with  treatment  basins  18  and  35  (Table  1). 
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Table  1.     Coefficients  of  determination  (r2)  for  selected  water- 

quali^  characteristics  from  paired-basin  analysis  in  the 
Bull  Run  Watershed,  Mount  Hood  National  Foresto 


Paired  Basins 

Chare  teri  Stic 

Years  of  Record 
76-79 

Z 
0.98 

n 

44  and  18 

Suspended  Solids 

90 

44  and  35 

Suspended  Solids 

76-79 

0.94 

98 

44  and  18 

Turbidity 

76-79 

0.9S 

.72 

44  and  35 

Turbidity 

76-79 

0.87 

163 

44  and  18 

Electrical 
Conductivity 

76-79 

0.91 

185 

44  and  35 

El  ectrical 
Conductivity 

76-79 

0.90 

191 

In  general,  a  decrease  in  sinrllari^  between  basins  results  in  a 
decreased  degree  of  correlation.     For  example,  during  stormflow  it  is 
likely  that  the  hydrographs  will  be  out  of  phase  if  the  paired  basins  are 
not  sinrilar  in  size.     Consequently,  at  a  given  point  in  time  the  flow 
characteristics  at  each  sampling  station  will   be  different  rather  than 
similar.     Such  a  condition  will   add  unwanted  variation  to  the  relationship 
and  reduce  the  strength  of  the  procedure. 

Stability  of  the  Control 

It  is  important  that  the  control  basin  remain  as  stable  as  possible. 
Any  factor  that  changes  the  character  of  the  control  will  detract  from  the 
usefulness  of  the  method.     Consequently,  when  selecting  a  control  basin 
care  needs  to  be  taken  to  select  one  in  or  as  near  a  state  of  equilibrium 
as  possible.     Often  it  is  useful   to  select  two  control  basins  in  case  one 
is  altered  during  the  study  period,  such  as  by  fire  or  some  other 
catastrophic  event. 
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Satisfying  the  Assumptions  Underlying  the  ANCOVA 

The  validity  of  the  inferences  drawn  from  the  results  of  the  ANCOVA  is 
related,  to  a  greater  or  lesser  extent,  to  whether  the  underlying 
assumptions  are  satisfied.     The  relevant  question  is  not  whether  the  ANCOVA 
assumptions  are  met  exactly,  but  rather  whether  the  plausible  violations  of 
the  assumptions  have  serious  consequences  on  the  validity  of  probability 
statements  based  on  the  standard  assumptions.     The  primary  assumptions  that 
need  to  be  considered  are  (1)  independence  of  errors,  (2)  normality,  and 
(3)  homogeneity  of  the  variances.     The  consequences  of  violation  of 
assumptions  of  ANCOVA  are  summarized  in  Table  2. 

It  should  be  pointed  out  that  it  is  not  uncommon  to  find  in  a  time 
series  of  hydrologic  data  that  an  observation  at  one  time  period  (t)  is 
correlated  with  the  observation  in  the  preceeding  time  period  (t  -  1)  or 
time  periods  (t  -  2,  etc.).     In  other  words,  an  observation  collected  at 
time  t  may  not  be  independent  of  one  collected  at  time  t  -  1  or  t  -  2,  etc. 
when  the  time  intervals  are  short.     Such  dependency  is  termed  serial 
correlation  or  autocorrelation. 

What  is  the  effect  of  serial  correlation  on  tests  of  significance 
regarding  regression  equations?     Essentially,  if  a  significant  level   of 
serial  correlation  exists  the  data  are  not  independent  and  tests  of 
significance  regarding  any  regression  equations  have  limited  utility 
(Table  2). 

This  raises  the  question:     "How  frequently  can  observations  be 
collected  while  still   maintaining  independence?"     Unfortunately  there  is 
not  a  simple  answer  to  this  question.     Identifying  the  characteristics  and 
structure  of  serial   correlation  in  time  series  data  of  water  quality 
constituents  represents  one  of  the  important  areas  of  research  facing 
statisticians.     However,   it  is  suggested  by  Beschta  (1981)  that 
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observations  collected  during  stormflow  should  have  an  interval    of  three 
or  more  hours.     During  snowmelt  runoff  and  low  flow  periods,   it  appears 
that  observations  need  to  be  obtained  two  or  more  weeks  apart  to  assure 
independence.     If  the  observations  are  equally  spaced  in  time,  the  serial 
correlations  can  be  tested  using  the  BMDP2T  Program  (BMDP  1981)  which  is 
readily  available  on  the  computer  at  the  Fort  Collins  Computer  Center. 

For  further  reading  about  the  assumptions  underlying  the  ANCOVA,  see 
Elashoff  (1969);  Glass,  Peckham,  and  Sanders  (1972);  and  Wildt  and  Ah  tola 
(1978). 

Quality  and  Size  of  Data  Base 

Adequate  and  correct  data  are  essential   to  the  success  of  any  study. 
No  extent  of  statistical   maneuvering  can  make  up  for  sloppy  data.     Because 
many  individuals  may  be  involved  in  data  collection,  it  is  good  practice  to 
establish  written  data-collection  standards  and  insure  that  they  are 
adhered  to  throughout  the  study. 

In  general,  the  larger  the  statistical    sample,  the  more  precise  the 
paired-basin  regression  relationship  will   be.     Wilm  (1949),  Kovner  and 
Evans  (1954),  and  Kovner  (1968)  describe  methods  for  determining  the 
minimum  length  of  streamflow  experiments  using  the  paired  basin  technique. 
However,  these  methods  cannot  be  applied  to  water  quality  experiments  for 
determination  of  the  sample  size  which  will  yield  regression  estimates  at  a 
predetermined  level   of  statistical    reliability  because  they  assume  equal 
variances  and/or  that  the  slopes  of  the  regression  lines  are  the  same  for 
the  calibration  and  treatment  periods. 

At  this  time,  we  know  of  no  procedures  available  to  the  hydrologist  to 
determine  a  specific  sample  size  which  will   permit  a  comparison  test  at  a 
predetermined  level   of  statistical    reliability.     Our  advice  is  that  a 
minimum  of  15  observations  be  collected  per  station  per  year.     It  is 
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important,  of  course,  that  the  samples  are  collected  throughout  the 
sampling  period  relative  to  the  relationship  between  the  flow 
characteristics  and  water  quality  constituent  of  concern. 
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APPLICATIONS  OF   THE  PAIRED-BASIM  TECHNIQUE 


Cause- and" Effect  Evaluation 

The  paired-basin  technique  is  ideal   for  evaluating  possible 
cause-and-effect  relationships.     Consider  the  situation  illustrated  in 
Figure  6.     Here  we  have  a  treatment  isolated  by  placing  stations  upstream 
(station  A)  and  downstream  (station  B)  from  the  treatment.     The  problem  is 
to  determine  the  effect  of  the  treatment  on  a  specific  water-quality 
characteristic,  such  as  suspended  sediment.     The  strategy  to  be  used  in 
this  situation  is  to  establish  a  pair  of  basins  (stations)  A  and  B  and 
collect  data  before  and  after  the  treatment. 
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Figure  6. 


An  example  of  cause-and-effect  monitoring  when  the  treatment 
can  be  Isolated. 
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The  data  can  be  related  as  illustrated  in  Figure  7.     Analysis  of 
covariance  can  be  used  to  determine  if  the  treatment  had  a  statistically 
significant  effect  on  the  suspended  sediment  of  the  system. 


SS 


AFTER   TREATMENT 


BEFORE    TREATMENT 


SS. 


Figure  7.     Before  and  after  treatment  regressions  of  suspended  sediment  at 
station  A  (SSa)  against  suspended  sediment  at  station  B 
(SSb). 

Another  example  of  possible  cause-and-effect  evaluation  is  presented 
in  Figure  8.     In  this  example,  the  treatment  cannot  be  isolated  by  placing 
stations  upstream  and  downstream  from  it.     Consequently,  a  control   basin 
(A  in  Figure  8)  needs  to  be  selected  and  data  collected  both  before  and 
after  the  treatment.     Data  analysis  would  be  similar  to  that  previously 
described. 


CONTROL 
WATERSHED 


TREATMENT 
WATERSHED 


Figure  8.     An  example  of  cause-and-effect  monitoring  when  the  treatment 
cannot  be  isolated. 
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Trend  Analysis 

Ihe  paired-basin  technique  can  also  be  used  for  trend  analysis.     The 
data  from  the  test  station  Is  compared  with  the  data  from  the  control 
station  throughout  a  series  of  time  Intervals  of  Interest,  such  as  seasons 
or  years.     A    regression  relationship  Is  developed  for  each  time  interval 
and  the  trend  In  water  quality  evaluated  by  comparing  the  slope  and 
Intercept  of  the  regressions. 

Consider,  for  example,  three  baseline  stations:     A  and  B  represent 
actively  managed  basins  while  station  C  represents  the  control  basin.     The 
hydrologist  would  like  to  determine  if  there  is  a  trend  in  the  turbidity  on 
an  annual   basis.     Pal  red- in- time  data  were  collected  at  each  station  during 
the  1977-60  water  years.     The  resultant  regressions  are  presented  In 
Figures  9a  and  9b .     The  data  can  be  analyzed  using  a  multiple  comparison 
approach  where  successive  regressions  are  compared  using  ANCOVA. 


TURBa 


TURBc 


TURBg 


TURBc 


Figure  9a.     Paired  plots  of 
turbidity  (TURB)   at  stations 
A  and  C  for  1977-80  water 
years. 


Figure  9b.     Paired  plots  of  turbidity 
(TURB)   at  stations  B  and  C  for  1977-80 
water  years. 


f. 
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Turbidity  at  station  A  is  increasing  annually  relative  to  the 
turbidity  at  station  C  (Figure  9a).     Whether  or  not  the  source  is  related 
to  management  activities  cannot  be  determined  from  the  paired  plot  alone 
but  requires  onsite  observation  and  interpretation  by  the  hydrologist.     It 
is  evident,  however,  that  there  is  a  definite  trend  in  the  relation. 
Figure  9b  indicates  little  change  in  the  relative  relationship  in  turbidity 
between  stations  B  and  C.     This  indicates  that  the  management  activities 
used  in  basin  B  throughout  the  period  of  study  did  not  change  the  turbidity 
yield  from  basin  B  relative  to  the  control   basin  or  station  C. 

Cumulative- Impact  Analysis 

The  paired-basin  technique  can  be^an  effective  analysis  tool    for 
assessment  of  cumulative  impacts.     The  procedure  is  to  develop  a  series  of 
nested  stations  (subbasins)  throughout  the  basin.     Paired  sampling  is  used 
and  the  water  quality  at  each  station  is  correlated  with  that  at  a  control 
station  throughout  a  specified  time  interval.     The  relationships  between 
stations  are  compared  and  related  to  land  use  and  other  factors  affecting 
the  system. 

Consider  the  situation  illustrated  in  Figure  10  where  there  are  two 
basins,  one  being  intensely  managed  for  timber  production  (Clark  Fork)  and 
the  other  used  for  a  control    (Lewis  Fork).     The  hydrologist  wishes  to 
determine  the  cumulative  impacts  of  timber  harvesting  on  the  annual 
suspended  sediment  regime  of  Clark  Fork  for  the  1977-80  water  years. 
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CLARK  FORK 


LEWIS   FORK 


Figure  10.     I^iested  station  design  for  assessment  of  cumulative  Impacts. 
Station  F  Is  the  control. 


Suspended  sediment  samples  v«ere  collected,  pal  red- In- time, 
throughout  the  4  water  years  of  Interest.     At  the  end  of  each  water  year, 
the  paired  plots  were  developed  (Figure  11)  and  the  regression  coefficients 
tabulated  along  with  a  series  of  stream,  vegetative,  and  landform 
characteristics  (see  Table  3).     The  regression  relationships  between 
stations  can  then  be  compared  and  related  to  the  stream,  vegetative,  and 
landform  characteristics,  and  cumulative  Impacts  may  then  be  evaluated. 
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Figure  11. 


Suspended  Sediment  (SS)  plots  for  stations  located  in  the 
Clark  Fork  basin  (A,  B,  C,  D,  and  E)  versus  the  control 
(station  F)   located  in  the  Lewis  Fork  basin. 


In  this  example,   it  appears  in  Figure  11  that  the  suspended-sediment 
yield  at  station  E  is  increasing  in  relation  to  the  control   station.     It  is 
also  apparent  that  the  primary  source  of  this  increase  is  watershed  C.     The 
paired-basin,  suspended-sediment  regressions  of  stations  A,  B,  and  D  with 
station  F  remain  fairly  consistent  with  time  (no  significant  difference  at 
the  0.10  level)  while  station  C  is  increasing  in  relation  to  station  F 
(significantly  different  at  the  0.10  level).     Examination  of  Table  3 
provides  some  insight  to  the  source  of  the  problems.     The  b.   regression 
coefficients  (slope),  percentage  of  the  basin  harvested,   and  area  affected 
by  roads  increase  with  time  while  the  channel -stability  condition 
decreases,  pool-and-riffle  quality  decrease,   and  condition  of  the  riparian 
vegetation  has  degraded  with  time.     This  indicated  that  the  silvicul tural 
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and  road  construction  and  maintenance  practices  are  affecting  suspended- 
sediment  yield  from  this  watershed  and  that  part  of  this  increased  yield  is 
being  transported  out  of  the  basin.  If  this  response  is  having  a 
detrimental  effect  on  a  specified  beneficial  use,  then  this  information  can 
be  used  to  adjust  soil  and  water  conservation  practices  for  watershed  C. 

CONCLUSIONS 

We  believe  the  paired-basin  technique,  if  used  properly,   is  an 
effective  tool   for  analyzing  water-quality  data  from  upland  streams.     In 
some  situations,  the  technique  provides  for  greater  statistical   control 
(minimizes  the  unexplained  variation)  and  enables  the  watershed  specialist 
to  maximize  information  gained  while  minimizing  time,  manpower,  and 
economic  expenditures. 

As  with  any  statistical   tool,  the  paired-basin  technique  will   only 
provide  you  with  "yes"  and  "no"  answers.     The  regression  relations  will 
only  provide  you  with  insight  to  the  hydrologic  system  and  water  quality 
response.     Data  interpretation  is  an  intellectual   activity  requiring  all 
the  skills  of  a  professional  wildland  hydrologist. 
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I.   INTRODUCTION 

Monitoring  is  the  orderly  collection,  analysis,  and  interpretation  of 
resource  data  to  evaluate  progress  in  meeting  management  objectives. 
Rangeland  watershed  monitoring  evaluates  the  achievement  of  soil  and  water 
resource  management  objectives  identified  in  the  Bureau  of  Land  Management 
(BLM)  Resource  Management  Planning  (RMP)  process.  Rangeland  watershed  mon- 
itoring is  used  to  determine  what  is  happening  to  soil  and  water  resources, 
why  it  is  happening,  and  what  adjustments  in  management  might  be  required  to 
meet  soil  and  water  resource  management  objectives.  Thus,  watershed  monitor- 
ing is  an  integral  feedback  link  in  the  RMP  process. 

It  is  useful  to  distinguish  between  monitoring  and  inventory.  Inven- 
tories provide  a  broad  quantification,  characterization,  or  classification  of 
resource  conditions.  While  in  some  cases  inventory  data  may  be  useful  in 
establishing  a  base-line  condition  for  monitoring,  in  most  cases  the  sampling 
designs  associated  with  broad  inventories  will  be  inadequate  for  quantifying 
the  effects  of  management  strategies  on  specific  watershed  values.  Properly 
acquired,  monitoring  data  quantifies  the  effects  of  land  management  strate- 
gies on  watershed  values,  provides  information  for  planning  and  watershed 
analysis,  and  validates  or  calibrates  watershed  models. 

This  technical  note  describes  the  components  of  a  rangeland  watershed 
monitoring  plan,  distinguishes  between  direct  monitoring  strategies 
(sampling)  and  indirect  monitoring  strategies  (modeling),  describes  common 
watershed  monitoring  techniques,  and  discusses  statistical  considerations  in 
sampling  designs  and  data  analysis.  It  also  describes  some  monitoring  prin- 
ciples and  concepts,  but  does  not  prescribe  specific  monitoring  programs. 
Monitoring  programs  will  always  have  to  be  tailored  individually  to  address 
the  issues,  management  objectives,  and  conditions  at  the  site  of  interest. 
Thus,  careful  analysis,  planning,  and  judgment  by  the  resource  professional 
is  integral  to  the  design  of  watershed  monitoring  programs. 


II.  BACKGROUND 

The  RMP  process  is  designed  to  be  issue-driven.  Resource  management 
issues  are  identified  and  analyzed  early  in  the  planning  process.  Management 
objectives  are  established  and  alternative  management  strategies  are  evalu- 
ated. Management  objectives  dire   achieved  through  implementation  of  specific 
activity  plans.  Soil  and  water  resource  management  prescriptions  may  be  in- 
corporated into  plans  associated  with  management  of  other  resource  activities 
such  as  livestock  grazing  or  wildlife  management.  If  the  watershed  issue  is 
highly  significant  and  untreatable  through  other  activity  plans,  specific 
watershed  activity  plans  are  prepared.  Thus,  watershed  monitoring  may  involve 
evaluating  the  achievement  of  watershed  objectives  as  part  of  other  activity 
plans  or  achievement  of  specific  watershed  activity  plan  objectives. 

Rangeland  Watershed  Processes  and  Issues 

Depending  on  the  specific  issue,  a  wide  range  of  watershed  processes  may 
be  the  subject  of  monitoring  programs.  Rangeland  watershed  management  issues 
occur  when  beneficial  resource  uses  are  impacted,  or  may  be  impacted,  by 
manageable  sedimentation  and  hydrologic  processes.  While  certain  water 
quality  issues  relating  to  salinity,  nutrients,  and  bacteria  are  sometimes 
considered  watershed  management  issues,  they  will  not  be  discussed  in  this 
technical  note. 

Manageable  upland  sedimentation  processes  include  rill  and  interrill 
erosion.  Manageable  instream  sedimentation  processes  include  channel  bank 
erosion,  incision,  deposition  and  aggraaation,  and  sediment  transport.  Issues 
related  to  those  processes  are  diverse  and  include  such  things  as  reduced 
forage  production,  poor  seed  germination,  lowered  riparian  water  tables, 
changes  in  channel  conditions,  reductions  in  aquatic  habitat,  decreased  flood 
flow  capacities,  increased  reservoir  siltation,  and  increased  treatment  costs 
to  water  users. 

Manageable  hydrologic  processes  which  affect  the  volume  or  timing  of 
runoff  include  infiltration,  surface  storage,  interception,  channel  capacities, 
and  both  upslope  and  instream  resistance  to  flow  (sometimes  referred  to  as 
"roughness").  Issues  related  to  hydrologic  processes  include  availability  of 
soil  water  for  plant  growth,  water  supply  for  both  instream  and  off-site  uses, 
flood  damage,  stream  channel  maintenance  and  channel  quality,  sediment  trans- 
port, and  water  quality. 

Common  Watershed  Management  Techniques 

Vegetation  cover  is  usually  the  most  important  management  variable 
influencing  runoff  and  erosion  rates  on  rangelands.  Therefore,  vegetation 
management,  either  directly  through  vegetation  manipulations  or  indirectly 
througn  the  design  and  implementation  of  livestock  grazing  plans,  is  a  common 
rangeland  management  technique.  A  common  watershed  monitoring  objective  is  to 
determine  whether  scientifically-designed  grazing  systems  implemented  through 
allotment  Management  Plans  achieve  vegetation-cover  objectives.  Assumptions 
about  the  relationship  of  cover  (or  some  other  vegetation  variable)  to  runoff, 
erosion,  stream  channel  conditions,  etc.,  are  also  tested  as  part  of  watershed 
monitoring  programs. 
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In  situations  where  watershed  conaition  is  so  severely  degraded  that 
natural  recovery  will  be  inefficient,  mechanical  land  treatments  and  structural 
alternatives  may  be  the  most  effective  runoff  and  erosion  control  techniques 
(Jackson,  et  al .  1985).  Monitoring  programs  may  be  designed  to  quantify  tne 
extent  and  duration  of  benefits  achieved  through  mechanical  land  treatments. 
Monitoring  of  structures  may  involve  the  monitoring  of  structure  integrity  and 
function  as  well  as  the  achievement  of  Doth  on-site  and  off-site  management 
oDjectives. 


I 
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III.  WHEN  TO  MUNITOR 

In  some  situations,  monitoring  may  be  required  by  law  or  regulation. 
However,  in  the  vast  majority  of  rangeland  situations,  managers  must  decide 
when  or  what  to  monitor  based  upon  the  need  for  additional  information  for 
responsiole  management.  Generally,  the  decision  to  monitor  should  be  based  on 
a  thorough  analysis  of  watershed  condition  including  existing  and  potential 
resource  values,  resource-use  conflicts,  knowledge  or  information  gaps, 
management  costs,  and  applicable  legal  requirements. 

When  well-evaluated  management  prescriptions  are  applied  to  areas  with 
low  watershed  values  and  no  major  resource-use  conflicts,  formal  watershed 
monitoring  may  not  be  required.  Instead,  informal  assessments  by  professional 
staff  may  be  sufficient  management  feedback.  However,  when  intensive  manage- 
ment prescriptions  address  issues  involving  high  watershed  values  or  severely 
conflicting  resource  uses,  and  when  a  great  deal  of  uncertainty  exists  about 
the  likely  effectiveness  of  the  management  action,  well-designed  monitoring 
programs  may  be  required. 

In  considering  when  or  what  to  monitor,  it  is  also  useful  to  distinguish 
between  highly  site-specific  management  issues,  and  more  generalized  management 
issues.  When  management  issues  are  highly  site-specific,  monitoring  may  have 
to  be  tailored  to  each  individual  situation.  However,  where  monitoring 
addresses  general  management  strategies,  coordinating  monitoring  programs 
between  field  offices  insures  that  the  information  collected  will  resolve  the 
overall  monitoring  question.  In  this  case,  representative  management  units 
should  be  selected  for  monitoring  and  uniform  methods  and  designs  employed. 


r 
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IV.  ESTABLISHING  MONITORING  OBJECTIVES 

Watershed  monitoring  programs  should  answer  the  question,  "Has  the 
watersned  management  objective  been  achieved?"  Thus  monitoring  objectives  can 
be  formulated  as  testable  hypotheses  regarding  the  achievement  of  management 
objectives.  Also,  the  monitoring  program  should  alluae  to  why  the  objective 
was  or  was  not  achieved. 

To  properly  formulate  a  monitoring  objective,  clear  descriptions  are 
required  of  (1)  the  prescribed  management  activity,  (2)  the  affected  resource, 
(3)  the  processes  or  variables  which  the  management  activity  will  influence, 
and  (4)  the  "indicator"  processes  or  variables  which  will  test  the  attainment 
of  the  management  objective.  For  example,  the  management  objective  may  be  to 
reduce  upland  soil  loss  by  one  ton  per  acre  per  year.  The  prescribed  manage- 
ment activity  may  oe  a  rest-rotation  grazing  system.  The  affected  resource  is 
the  on-site  soil  resource.  Management  is  attempting  to  influence  raindrop 
splash  erosion  and  rill  and  interrill  erosion  caused  by  reduced  infiltration 
and  increased  surface  runoff.  Because  an  available  validated  model  interprets 
vegetation  cover  in  terms  of  soil  loss,  percent  vegetation  cover  is  selected 
as  the  "indicator"  variable  which  will  be  tested  to  evaluate  the  achievement 
of  tne  management  objective.  Had  the  cover  vs.  soil-loss  model  not  been 
available,  annual  soil  loss  from  72  ft.  plots  may  have  been  selected  as  the 
"indicator"  variable.  In  otner  words,  the  indicator  variable  and  the 
influenced  processes  may,  in  some  situations,  be  the  same. 

Tne  monitoring  objective  can  now  be  formulated  in  terms  of  the  manage- 
ment objective,  the  management  activity,  and  the  indicator  variables.  In  the 
upland  soil-loss  example  where  vegetation  cover  was  selected  as  the  indicator 
variable,  the  monitoring  objective  might  be:  "To  determine  that  a  rest- 
rotation  grazing  system  increases  vegetation  cover  by  X  percent  over  the  cover 
associated  with  the  present  continuous  grazing  system."  In  any  case,  the 
monitoring  objective  should  be  stated  as  concisely  and  quantitatively  as 
possible.  A  well-formulated  objective  should  clearly  define  testable  hypo- 
theses and  lead  directly  to  appropriate  methods  and  sampling/study  designs. 
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V.  WATERSHED  MONITORING  PLANS 

Monitoring  plans  help  guide  the  formulation  and  implementation  of  formal 
watershed  monitoring  programs.  A  monitoring  plan  provides  a  clear,  concise 
strategy  for  achieving  the  monitoring  objective.  While  monitoring  plans  may 
be  brief,  and  included  as  part  of  resource  activity  plans,  they  should  always 
contain  the  following  items: 

1.  Statement  of  the  Management  Problem:  The  problem  statement  should  include 
brief  descriptions  of  the  management  issue,  the  management  action,  and  the 
affected  resource  values. 

2.  Monitoring  Objective:  Formulating  monitoring  oDjectives  is  discussed 
aooveT  In  general,  monitoring  objectives  are  formulated  in  terms  of  the 
management  oojective,  management  activity,  and  indicator  variables.  Testaole 
hypotheses  should  be  formulated  at  this  point. 

3.  Methods:  Monitoring  methods,  including  procedures,  equipment,  sampling 
techniques,  and  sample  handling  and  analysis  techniques,  should  be  described 
or  referenced. 

4.  Data  Acquisition  Design:  Tne  data  acquisition  design  may  involve  a 
sampling  design  for  direct  data  acquisition  programs,  or  an  input  data  acquisi- 
tion program,  including  data  sources,  for  indirect  monitoring  programs.  Direct 
monitoring  sampling  designs  need  to  consider  required  significance  levels, 
sampling  location  and  frequency,  useful  co-variables,  and  improvements  to  be 
gained  oy  blocking,  nesting,  and  stratification.  An  input  data  acquisition 
program  wnicn  relies  on  existing  available  data  should  identify  the  data 
source,  its  availaoility  and  reliability,  and  any  required  format  modifica- 
tions. When  the  watershed  monitoring  program  relies  on  data  collected  as  part 
of  other  resource  monitoring  programs,  the  watershed  specialist  needs  to  ensure 
that  the  data  collected  meet  the  requirements  of  both  monitoring  programs. 

5.  Data  Analysis  Plan:  The  data  analysis  plan  identifies  the  specific  tech- 
niques and  procedures  to  summarize  ano  analyze  monitoring  data.  For  direct 
monitoring  data,  this  may  involve  identification  of  appropriate  statistical  or 
numerical  techniques.  For  analysis  schemes  relying  on  analytical  models,  the 
specific  model  should  be  identified  and  its  application  in  data  analysis 
described. 

6.  Data  Interpretation  and  Report  Plan:  Data  analysis  provides  a  numerical 
or  statistical  summary  of  monitoring  results.  However,  the  meaning  of  those 
results  from  a  management  perspective  may  require  additional  interpretation  by 
professionals  and  resource  managers.  For  example,  a  statistical  analysis  may 
show  a  highly  significant  0.1  ton  per  acre  per  year  increase  in  soil  loss 
resulted  when  the  management  objective  was  to  not  increase  soil  loss.  However, 
from  an  overall  resource  perspective,  it  could  be  concluded  that  an  increase 
that  small  is  not  important  and  that  the  management  program  has  accomplished 
its  objective.  In  any  case,  all  results,  interpretations,  conclusions,  and 
recommendations  should  be  reported  to  management  in  writing  upon  completion  of 
a  monitoring  program  and  at  interim  periods  as  may  be  required.  The  reporting 
plan  should  be  described  in  the  overall  monitoring  plan. 

7.  Implementation  Plan:  The  implementation  plan  provides  the  required 
schedules,  tasks,  and  budget  required  to  implement  the  monitoring  program. 


VI.  DIRECT  AND  INUIKECT  MONITORING  CONCEPTS 

As  indicated  above,  monitoring  objectives  are  formulated  in  terms  of  the 
prescribed  management  activity,  the  affected  resource,  the  processes  or  vari- 
ables to  be  influenced  by  management,  and  the  indicator  processes  or  variables 
which  will  De  used  to  test  the  attainment  of  management  objectives.  Monitoring 
can  be  accomplished  by 

(1)  direct  monitoring:  directly  measuring  the  process  or  variable  to  be 
influenced  by  the  management  action,  or 

(2)  indirect  monitoring:  measuring  the  effects  of  management  on  an 
indicator  variable  or  variables  and  interpreting  the  effects  on  indicator 
variables  in  terms  of  the  process  or  variable  of  interest  to  management. 
The  interpretation  step  is  usually  accomplished  by  using  descriptive  or 
analytical  models. 

While  directly  monitoring  key  rangeland  watershed  processes  is  the  most 
accurate  and  definite  way  of  determining  management  effects  on  those  processes, 
adequate  sampling  programs  may  be  expensive  and  logistically  difficult  to 
implement.  When  direct  sampling  programs  are  scaled  down  to  meet  budget  and 
manpower  constraints,  precision  and  statistical  confidence  is  sacrificed. 
Thus,  a  reasonable  alternative  may  be  to  identify  appropriate  indicator 
variables  which  can  be  more  easily  sampled  and  to  interpret  or  translate 
information  about  the  indicator  variable  into  information  about  the  variable 
of  direct  interest  to  management. 

The  interpretation  process  adds  an  additional  source  of  error  to  the 
analysis.  However,  this  can  be  compensated  for,  in  part,  by  the  improved  pre- 
cision associated  with  sampling  an  indicator  variable  as  opposed  to  monitoring 
directly  the  process  or  variable  which  is  the  subject  of  a  management  action. 

Models  used  in  the  interpretation  process  in  indirect  monitoring  may  be 
descriptive  models,  empirical  models,  or  physically-based  process  models.  In 
rangeland  watershed  management,  most  commonly  used  models  are,  to  a  large 
extent,  empirical.  The  differences  are  mostly  related  to  the  extent  to  which 
sub-processes  are  handled  individually,  and  the  spatial  scales  to  which  the 
models  are  applied.  Process-based,  distributed  parameter  models  are  usually 
data-intensive  and  time-consuming  to  apply.  Lumped-parameter,  or  "black-box" 
models  are  often  simple  to  apply,  but  may  not  adequately  account  for  all  the 
variables  of  interest.  Model  accuracy  tends  to  be  highly  dependent  upon  how 
well  model  assumptions  fit  the  conditions  at  hand  and  how  well  the  model  has 
been  tested  and  validated  for  the  area  where  it  will  be  applied. 

Thus,  an  initial  decision  in  designing  a  monitoring  program  is  whether  to 
use  direct  or  indirect  monitoring  technologies.  The  decision  will  be  based 
upon  sampling  considerations,  costs,  and  the  accuracy  and  availability  of 
adequate  interpretive  models.  In  all  cases,  the  approach  selected  should 
provide  sufficient  information  to  meet  the  monitoring  objective. 
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VII.  DIRECT  MONITORING  STRATEGIES 

Direct  monitoring  quantifies  or  measures  the  process  or  variable  of 
primary  interest  to  management  as  part  of  the  monitoring  program.  For  example, 
if  soil-loss  is  the  variable  of  concern  to  management,  then  direct  monitoring 
would  directly  measure  soil-loss  rates  on  the  site  of  interest.  If  infiltra- 
tion is  the  process  of  concern  to  management,  then  monitoring  might  involve 
the  direct  measurement  of  infiltration  rates  on  the  site  of  interest.  Finally, 
if  stream  discharge,  water  quality,  or  downstream  sediment  yields  &re   the 
variables  of  concern  to  management,  monitoring  would  involve  the  instream 
measurement  of  those  processes. 

Most  common  rangeland  watershed  processes  present  special  problems  from 
both  a  sampling  and  logistical  standpoint.  From  a  sampling  standpoint,  pro- 
cesses such  as  soil-loss,  infiltration,  stream  discharge,  suspended  sediment 
transport,  and  stream  channel  erosion  are   complex  processes  exhibiting  a  great 
deal  of  variability  in  both  space  and  time.  A  sampling  program  which  fails  to 
account  for  and  quantify  that  variability  will  lack  sensitivity  to  management 
changes.  From  a  logistical  standpoint,  most  commonly  accepted  techniques  for 
sampling  sedimentation  and  hydrologic  processes  are  both  equipment  and  labor 
intensive,  and  not  conducive  to  the  sampling  intensities  required  to  adequately 
quantify  processes. 

Direct  monitoring  strategies  are  most  easily  classified  as  upslope  plot 
(and  transect)  studies,  and  instream  discharge  and  sediment  transport  studies. 
Monitoring  techniques  which  utilize  plots  or  transects  are  amenable  with  the 
sampling  principles  of  randomization,  replication,  and  control,  and  can  thus 
effectively  detect  the  effects  of  management  activities  on  upslope  watershed 
processes.  Instream  sampling  techniques  are  well  developed  and  provide  an 
integrated  measure  of  total  watershed  response  at  a  point  over  time.  However, 
in  rangeland  settings,  instream  monitoring  may  not  be  amenable  to  control,  so 
changes  in  runoff  or  sediment  transport  may  be  difficult  to  attribute  to 
management. 

A  third  direct  monitoring  strategy,  channel  geometry  surveys,  provides  a 
long-term  integrated  measure  of  watershed  response  over  time,  at  a  point,  and 
is  somewhat  less  aifficult,  logistically,  than  discharge  and  sediment  transport 
studies.  Channel  geometry  studies  are  best  suited  to  alluvial  or  self-formed 
stream  channels,  and--like  plot  studies--are  compatible  with  the  sampling 
principles  of  randomization,  replication,  and  control. 

Upslope  Runoff  and  Erosion  Studies 

The  use  of  bordered  plots  for  the  direct  measurement  of  surface  runoff 
and  soil  loss  from  rangelands  is  thoroughly  described  in  Bureau  of  Land 
Management  Technical  Note  368  (Jackson,  et  al.,  1985).  Plots  are  constructed 
so  that  all  runoff  and  soil  loss  from  them  can  be  collected  and  measured. 
Runoff  and  erosion  plots  are  most  easily  used  for  measuring  annual  runoff  and 
soil-loss  rates,  but  may  be  instrumented  to  record  storm-period  or  instantane- 
ous runoff  and  soil-loss  rates.  While  there  are  no  standard  sizes  for  runoff 
plots,  soil-loss  plots  should  generally  be  at  least  35  ft.  in  length,  and 
preferably  72.2  ft.  in  length  (USDA,  1981).  In  addition  to  providing  direct 
monitoring  data,  data  from  soil-loss  plots  can  be  used  to  validate  common 
soil-loss  models,  such  as  the  Universal  Soil  Loss  Equation  (Wischmeyer  and 
Smith,  1978). 
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Plots  have  certain  advantages  from  a  sampling  standpoint  in  that  they  can 
De  randomly  located,  replicated  (i.e.,  at  least  two  plots  per  treatment),  and 
control  lea.  Control  plots  are  generally  located  in  an  exclosure,  or  on  an 
untreated  area,  at  the  selected  monitoring  site.  The  disadvantages  to  plots 
are  (1)  numerous  plots  are  required  to  characterize  the  spatial  variability 
within  a  given  allotment,  range-site,  or  small  watershed,  {Z)   upslope  plot 
response  to  management  activities  is  difficult  to  interpret  in  terms  of 
instream  or  downstream  processes,  when  those  processes  are  of  primary  concern 
to  management,  and  (3)  the  number  of  events  required  for  suitable  analysis  may 
limit  the  plot's  usefulness  because  of  time  constraints. 

Depending  on  the  variaoles  or  processes  of  interest  to  management,  other 
upslope  monitoring  strategies  are  availaole  which  possess  similar  sampling 
attributes  similar  to  plots.  They  include  erosion  pin  surveys  (soil  loss), 
erosion  net  studies  (soil  loss),  inf iltrometer  studies  (infiltration 
capacities),  and  large-plot  rainfall  simulator  studies  (apparent  infiltration 
capacities,  soil-loss  index).  As  with  all  monitoring  programs,  the  proper 
selection  of  a  monitoring  technique  will  depend  on  the  monitoring  objective, 
site  conditions,  and  budgetary  and  manpower  constraints. 

Instream  Discharge  and  Sediment  Transport  Studies 

The  design  of  instream  watershed  monitoring  programs  is  well  described  by 
Ponce  (1980),  and  guidelines  for  the  collection  and  analysis  of  sediment  data 
are  provided  by  Williams  and  Thomas  (1984).   Instream  monitoring  programs 
involve  the  collection  of  discharge  and  suspended  sediment  concentration  data 
within  the  context  of  a  basic  study  design. 

Instream  sampling  stations  generally  provide  a  continuous  measurement  of 
streatn  discharge  and  periodic  measurements  of  suspended  sediment  concentration. 
Suspended  sediment  is  sampled  either  by   hand  on  a  predetermined  schedule  or 
automatically  using  programmaole  pumping  samplers.  Whereas  instantaneous 
discharge  is  usually  measured  accurately,  the  quality  of  suspended  sediment 
measurements  depends  upon  the  method  used  (point  or  depth-integrated)  and  the 
sampling  frequency.  A  common  analysis  method  is  to  develop  a  regression 
relationship  between  instantaneous  discharge  and  suspended  sediment 
concentration. 

The  Key  to  effective  instream  monitoring  is  carefully  identifying  the 
variable  or  process  of  interest  to  management,  and  then  developing  a  sampling 
design  and  data  analysis  program  which  will  quantify  the  effects  of  management. 

Discharge  variables  of  interest  to  management  include  peak  or  design-flow 
discnarge  rates,  seasonal  low-flow  discharge  rates,  and  annual  or  seasonal 
water  yields.  Sediment  transport  variables  of  interest  to  management  include 
suspended  sediment  concentrations  and  total  sediment  yields.  Sediment  yields 
may  be  measured  directly  using  reservoir  surveys  but  are  more  commonly  calcu- 
lated from  discharge  and  sediment  concentration  data.  Bedload  sediment  yields 
may  be  sampled  by  a  variety  of  techniques,  but  are  most  often  determined 
indirectly  using  bedload  transport  equations  or  by  compensating  for  the 
"unmeasured"  load  in  suspended  sediment  transport  calculations  (Graff,  1971). 
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Since  instream  sampling  techniques  are  often  not  amenable  to  sampling 
designs  involving  randomization,  replication,  and  control,  several  other  study 
designs  are  usually  recommended  for  instream  monitoring  programs  (Ponce,  1981). 
Common  study  designs  include  paired  watershed  designs,  upstream-downstream 
designs,  and  single-station  pre-  and  post-treatment  designs.  Botn  the  paired 
watershed  and  single-station  designs  require  sampling  both  prior  to  and  after 
applying  the  management  action  to  be  monitored.  The  upstream-downstream 
design  assumes  that  the  sampling  station  upstream  of  the  management  treatment 
represents  the  "pre-treatment"  condition,  and  the  station  downstream  of  the 
management  treatment  represents  the  "post-treatment"  condition.  For  the  one- 
station  design,  pre-  and  post-treatment  statistical  comparisons  would  be  made 
by  comparing  means  of  the  measured  variaoles  or  regression  lines  of  developed 
relationships  (e.g.,  discharge  vs.  suspended  sediment  concentration).  For  the 
paired  or  upstream-downstream  designs,  statistical  comparisons  can  be  made  by 
comparing  paired-station  regressions.  Ponce  (1981)  recommends  a  paired  station 
approach  because  it  can  account  for  year-to-year  variability  caused  by  climate 
ana  hydrology. 

Rangelands  present  special  problems  for  paired  station  instream  sampling 
designs.  Pairea  watershed  designs  are  often  not  possible  when  summer  convec- 
tional  storms  produce  high  streamflow  conditions,  because  most  convectional 
storms  are  highly  localized  and  will  not  be  similar  over  two  separate  water- 
sneds.  Upstream-downstream  designs  are  made  difficult  by  the  dispersed  nature 
of  livestock  grazing--the  most  common  rangeland  land  use.  It  is  difficult  to 
locate  upstream  and  downstream  sampling  stations  on  relatively  homogeneous 
stream  reaches. 

Whicnever  instream  monitoring  design  is  selected,  a  great  deal  of  thought 
needs  to  be  given  during  the  planning  stage  to  data  analysis  procedures  and 
the  interpretations  various  data  analysis  results  will  have  regarding  manage- 
ment effects. 

Channel  Geometry  Studies 

In  alluvial  or  self-adjusting  stream  channels,  channel  hydraulic  geometry 
variables,  including  width,  depth,  slope,  sinuosity,  bed  sediment  sizes,  and 
resistance  to  flow  all  adjust  to  local  hydrologic,  geologic,  and  vegetation 
conditions.  Thus,  eyery   channel  assumes  a  unique  set  of  geometric  and 
hydraulic  characteristics  in  response  to  its  watershed  condition.  While  there 
are  no  standardized  methods  of  monitoring  or  interpreting  hydraulic  geometry, 
many  studies  document  changes  in  hydraulic  geometry  in  response  to  land  use 
(e.g.,  Lyons  and  Beschta,  1983;  Platts,  1981). 

Collecting  and  analyzing  channel  cross-section  data  is  discussed  in 
Parsons  and  Hudson  (1985).  There  is  also  evidence  that  other  morphological 
features  sucn  as  pool-riffle  sequencing,  sinuosity,  and  bed  material  composi- 
tion may  be  useful  monitoring  variables  (Jackson  and  Beschta,  1984;  Beschta 
and  Platts,  198b).  Because  monitoring  using  channel  geometry  methods  is  a 
relatively  new  technique,  monitoring  programs  which  utilize  these  techniques 
should  be  designed  with  great  care.  The  roles  and  interactions  of  morpho- 
logical features  at  a  given  site  should  be  analyzed,  controls  should  be 
identified,  and  a  careful  data  analysis  and  interpretation  plan  should  be 
developed  so  results  can  be  interpretated  in  terms  of  management  effects. 
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VIII.   INDIRECT  MONITORING  STRATEGIES 

Vegetation  cover  is  the  most  important  management  variable  influencing 
runoff  and  erosion  rates  on  range! ands,  and  most  common  rangeland  watershed 
management  techniques  influence  vegetation  cover.  Cover  may  be  defined  as 
canopy  cover,  foliar  cover,  basal  area  cover,  or  point  cover  (USDI  Bureau  of 
Land  Management,  1985o).  It  is  important  to  clearly  define  cover  and  the 
metnod  used  for  measuring  cover  when  using  it  as  an  indicator  variable.  Since 
vegetation  cover  is  relatively  easy  to  monitor  (USDI  Bureau  of  Land  Management, 
1984)  compared  to  most  watershed  processes,  it  follows  that  any  analytical 
tools  which  relate  vegetation  cover  to  such  processes  as  runoff,  or  soil  loss, 
are  useful  watershed  monitoring  tools.  A  number  of  such  models  are  currently 
available  and  include  both  simple  lumpeo-parameter  empirical  models  and  more 
complex,  process-driven  systems  models.  Models  commonly  available  for  range- 
land  watershed  monitoring  programs  are  described  below. 

When  selecting  a  model  for  a  monitoring  program,  carefully  consider  the 
objective,  model  assumptions  and  data  requirements,  and  the  extent  to  which 
the  model  is  validated  for  the  intended  area  of  use.  Also,  it  is  important 
that  the  watershed  specialist  help  design  the  monitoring  programs  (e.g., 
vegetation  monitoring  programs)  which  will  ultimately  provide  the  indicator 
variables  employed  by  the  selected  model.  The  specialist  should  be  especially 
concerned  that  sampling  locations  are  representative  of  important  hydrologic 
units,  that  the  principles  of  randomization,  replication,  and  control  are 
employed  in  the  sampling  design,  and  that  the  required  cover  parameters  are 
sampled. 

Simple  Lumped-Parameter  Models 

The  most  commonly  used  rangeland  watershed  models  for  estimating  runoff, 
soil  loss,  and  sediment  yields  are,  respectively:  The  Soil  Conservation 
Service  (SCS)  Curve  Number  Runoff  Model,  the  Universal  Soil  Loss  Equation 
(USLE),  and  the  Modified  Universal  Soil  Loss  Equation  (MUSLE).  In  addition  to 
oeing  useful  on  their  own,  these  models  are  often  integral  components  of  larger 
system  models. 

SCS  Curve  Number  Model 

The  SCS  Curve  Number  Model  (US  Soil  Conservation  Service,  1975)  is, 
conceptually,  a  yery   simple  rainfall  runoff  model.  The  model  incorporates 
triree  fundamental  assumptions  about  the  functioning  of  a  watershed.  First,  it 
assumes  that  runoff  does  not  begin  upon  the  initiation  of  rainfall,  but  rather 
the  watershed  absorbs  all  rainfall  up  to  a  point.  This  is  termed  the  initial 
rainfall  abstraction.  Second,  the  model  assumes  that,  following  the  initial 
abstraction,  the  ratio  of  runoff  to  rainfall  is  proportional  to  the  ratio  of 
actual  to  potential  watershed  storage.  So,  the  more  rainfall  actually  stored 
on  the  watershed,  the  higher  the  proportion  of  rainfall  which  appears  as 
streamflow.  Third,  the  model  assumes  that  the  initial  abstraction  is  0.2  times 
the  potential  watershed  storage.  This  relationship  is  based  upon  the  analysis 
of  considerable  runoff  data.  The  actual  SCS  runoff  equation  is 

Q  =  (P-Q.2S)^  (1) 

P+0.8S 
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where  Q  is  a  volume  runoff,  and  S  is  the  potential  watershed  storage  and  P  is 
precipitation.  The  SCS  chose  to  define  S  in  terms  of  a  runoff  curve  number, 
CN,  which  ranges  between  0  and  100. 

S=^  -10  (2) 

Using  this  definition  of  curve  number,  runoff  goes  up  as  curve  number 
goes  up. 

Curve  number  selection  is  generally  based  upon  hydrologic  soil  group, 
vegetation  cover,  land  use,  hydrologic  condition,  and  antecedent  soil  moisture. 
Curve  number  selection  is  aided  by  tables  and  graphs.  Recent  studies  suggest 
that  curve  number  selection  may  be  aided  by  remote  sensing  (Rango,  1985),  or 
by  correlation  with  soil-hydraulic  properties  and  vegetation  cover. 

Given  a  runoff  volume  for  a  given  design  rainstorm,  the  SCS  Curve  Number 
Model  constructs  a  synthetic  triangular  hydrograph  by  defining  a  peak  flow,  a 
time  to  peak,  and  a  recession  time.  The  time  to  peak,  which  was  determined 
empirically,  is  defined  in  terms  of  a  watershed  time  of  concentration.  Since 
the  hydrograph  is  a  triangle,  peak  flow  is  solved  trigonometrically  given  the 
triangle  base  dimensions  and  area  (volume  runoff). 

While  the  SCS  Curve  Number  model,  based  upon  years  of  actual  rainfall- 
runoff  data,  is  both  conceptually  and  numerically  simple;  it  lumps  many 
important  watershed  variables  and  is  highly  sensitive  to  curve  number  selec- 
tion. Therefore,  it  must  be  applied  carefully  and  its  results  should  be 
evaluated  with  a  great  deal  of  professional  judgment. 

Currently,  rangeland  relationships  between  curve  number  and  vegetation 
cover  are  developed  only  in  a  general  sense  (i.e.,  in  terms  of  hydrologic 
condition).  Thus,  the  Curve  Number  Model  has  limitations  as  a  monitoring  tool. 
However,  it  may  be  used  to  evaluate  rainfall-runoff  data,  and  to  quantify  the 
long-term  effects  of  land  management  on  curve  number.  As  the  model  becomes 
validated  on  a  site-specific  basis,  its  utility  as  a  planning  and  monitoring 
tool  will  be  enhanced. 

Universal  Soil  Loss  Equation 

The  Universal  Soil  Loss  Equation  (USLE),  an  empirical  erosion  model, 
computes  long-term  average  annual  soil  losses  from  sheet  and  rill  erosion 
(Wischmeier  and  Smith,  1978).  Soil  loss  is  calculated  from  Factors  represent- 
ing rainfall  patterns,  soil  type,  topography,  vegetation  cover,  and  management 
practices.  Data  from  over  10,000  runoff  and  soil-loss  plots,  mostly  located 
in  the  eastern  and  midwestern  United  States,  were  used  to  quantify  each  of  the 
USLE  factors.  As  they  are  defined,  slope  length,  steepness,  cover,  and  land 
management  factors  modify  measured  soil  loss  rates  from  reference  plots  72.6 
feet  long  on  9  percent  slope,  maintained  in  tilled,  continuous  fallow.  Where 
reference  plot  data  are  unavailable,  empirical  techniques  predict  reference 
plot  soil  loss  through  correlation  with  soil  type  and  rainfall  characteristics, 
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The  Universal  Soil  Loss  Equation  is 

A  =  RKLSCP  (3) 

where: 

A  is  the  computed  soil  loss  expressed  in  tons  per  acre  per  year. 

R,  the  rainfall  and  runoff  factor,  is  the  numoer  of  rainfall  erosion 
index  units  for  a  normal  year's  rainfall  and  considers  the  effects 
of  raindrop  energy  and  maximum  rainfall  intensities. 

K,  the  soil  erodibility  factor,  is  the  soil  loss  rate  per  erosion 
index  unit  for  a  specified  soil  on  a  unit  plot,  which  is  defined  as 
a  7k!.6-ft.  length  of  uniform  9  percent  slope  continuously  in  clean- 
tilled  fallow. 

L,  the  slope-length  factor,  is  the  ratio  of  soil  loss  from  the  field 
slope  length  to  that  from  a  7^.b-ft.  long  plot  under  identical 
conditions. 

S,  the  slope-steepness  factor,  is  the  ratio  of  soil  loss  from  the 
field  slope  gradient  to  that  from  a  9  percent  slope  under  identical 
conditions. 

C,  the  cover  and  management  factor,  is  the  ratio  of  soil  loss  from 
an  area  with  specified  cover  and  management  to  that  from  an 
identical  area  in  tilled,  continuous  fallow. 

P,  the  support  practice  factor,  is  the  ratio  of  soil  loss  with  a 
conservation  practice  such  as  contour  furrowing  to  that  with 
straight-row  farming  up  and  down  the  slope. 

USLE  calculates  long-term  average  annual  soil  loss  caused  by  sheet  and 
rill  erosion  from  rainfall  and  runoff.  It  may  De  used  to  (1)  compare  existing 
erosion  condition  to  a  predetermined  standard  or  "tolerance,"  {2)   predict  the 
effects  on  soil  loss  of  planned  management  alternatives  given  knowledge  of  how 
those  management  alternatives  affect  vegetation  cover  and  soils  condition, 
(3)  indirectly  monitor  the  management  effects  over  time  on  erosion  by  using 
site  and  cover  data  to  estimate  soil  loss,  and  (4)  identify  important  or 
sensitive  erosion  areas  and  quantify  spatial  variations  in  watershed  erosion. 

The  USLE  procedure  has  several  important  limitations: 

(1)  The  equation  only  estimates  soil  loss  caused  by  sheet  and  rill 
erosion.  It  does  not  predict  soil  deposition,  nor  does  it  estimate 
gully  or  stream  channel  erosion,  all  of  which  are  important  range- 
land  sedimentation  processes. 

(2)  The  rainfall-runoff  factor  is  an  index  of  the  erosive  energy  of 
rainfall  and  associated  runoff.  It  does  not  account  for  the 
erosive  forces  of  soil  freeze-thaw,  wind,  or  snowmelt.  Wind  can  be 
an  important  erosive  force  on  arid  and  semiarid  rangelands.  A 
procedure  for  estimating  wind  erosion  is  described  in  USDA  (197b). 
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Snowmelt  is  generally  not  an  important  cause  of  sheet  and  rill 
erosion  on  most  western  United  States'  rangelands,  although  it  may 
be  important  when  soils  are  frozen  or  when  rain  occurs  on  a  shallow 
snow-pack. 

(3)  The  equation  has  not  been  well  validated  on  western  rangelands  and 
its  accuracy  is  unknown.  While  relative  differences  in  soil  loss 
estimates  should  be  meaningful  in  planning  and  monitoring  programs, 
soil  loss  estimates  used  for  engineering  designs  or  economic 
analyses  may  involve  a  significant,  though  unknown  degree  of 
inaccuracy. 

As  a  monitoring  tool,  USLE  is  sensitive  to  changes  in  vegetation  type, 
canopy  cover,  and  ground  cover.  Presently,  however,  rangeland  cover  relation- 
ships are  not  well  developed.  The  goal  of  an  ongoing  program  by  BLM  and  the 
Agricultural  Research  Service  is  to  improve  the  applicability  of  USLE  to 
rangelands,  and  in  particular,  providing  improved  determinations  of  the  Cover, 
"C",  factor. 

Modified  Universal  Soil  Loss  Equation 

USLE  (Williams,  1975)  was  modified  to  permit  its  application  in 
calculating  storm-period  sediment  yields.  In  its  modified  form,  the  rainfall 
factor  in  USLE  is  replaced  by  a  runoff  factor.  The  runoff  factor  is  defined 
empirically  in  terms  of  total  runoff  volume,  Q,  and  peak  runoff  rate,  qp. 
The  Modified  Universal  Soil  Loss  Equation,  MUSLE,  is 

y  =  11.8  (Qqp)  0.56  KLSCP     (4) 

where  all  terms  are  as  defined  above  and  y  is  sediment  yield,  in  tons. 

MUSLE,  a  fairly  new  equation,  is  still  undergoing  validation.  While  it 
shares  many  of  the  same  shortcomings  of  USLE,  preliminary  validation  results 
suggest  it  may  be  a  useful  predictor  of  sediment  yields.  Like  USLE  and  the 
SCS  Curve  Number  model,  MUSLE  is  commonly  a  component  of  larger  watershed 
systems  models. 

MUSLE  was  designed  to  predict  storm-period  sediment  yields  on  a  field 
scale.  Longer  term  sediment  yields  from  larger  watersheds  are  often  estimated 
using  a  method  developed  by  the  Pacific  Southwest  Inter-Agency  Committee 
(1968). 

Integrated  Systems  Models 

Within  the  range  and  watershed  science  a  few  models  are  available  and 
many  are  in  the  final  development  stages.  Most  models  analyze  surface  runoff, 
subsurface  runoff,  percolation,  erosion,  sediment  yield,  plant  growth,  or  a 
combination  of  these  factors. 

In  range  monitoring,  a  model's  usefulness  depends  on  the  specialists' 
needs.  Several  broad  areas  of  modeling  applications  include: 

1.  Quantify  the  response  of  a  factor  such  as  plant  growth  or  runoff  to 
an  environmental  condition. 
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2.  Normalize  a  response  to  an  "average"  set  of  conditions. 

3.  Create  historical  response  curves  based  on  weather  records  or  other 
observations. 

4.  Create  response  curves  that  reflect  the  probability  of  a  particular 
occurrence  (i.e.,  floods,  low  production,  unacceptable  erosion). 

5.  Improve  monitoring  efficiency  by  estimating:   (a)  magnitude  of  a 
response  (is  it  within  measurable  limits?),  (b)  factors  most  sensi- 
tive to  change,  (c)  influence  of  soils  on  changes,  (d)  sensitivity 
of  a  monitoring  plan  to  a  management  action,  and  (e)  optimum  time 
for  field  data  collection. 

6.  Provide  an  analysis  tool  to  interpret  monitoring  data. 

The  specialists'  knowledge  of  a  site's  complex  interrelationships  will 
dictate  the  use  of  a  particular  model  in  range  and  watershed  monitoring. 
Rangeland  models  will  ne\/er   replace  sound  professional  judgment,  but  tney  can 
support  judgments  and  provide  additional  analysis  tools.  Four  models,  each 
with  a  great  deal  of  promise,  are  described  briefly  below. 

Water  Resources  Simulator 

The  Simulator  for  Water  Resources  in  Rural  Basins  (SWRRB)  model  simulates 
hydrologic  and  sedimentation  processes  in  rural  basins  (Arnold  and  Williams, 
1985).  SWRRB  simulates  daily,  monthly,  or  yearly  runoff  and  sediment  yield  on 
large  complex  basins,  including  routing  through  reservoirs,  ponds,  and 
channels. 

A  weather  generator  is  included  which  allows  the  model  to  operate  when 
daily  precipitation  and  temperature  data  are  not  availaole.  Surface  runoff  is 
generated  using  the  SCS  curve  number  methods,  with  curve  number  continuously 
corrected  for  daily  soil  moisture  content.  Evapotranspiration  is  estimated 
daily.  Sediment  yield  is  simulated  by  the  MUSLE  (Williams,  1975)  and  a 
sediment  routing  model.  The  model,  currently  available  for  microcomputers, 
has  interactive  data  entry  capabilities. 

Erosion  and  Productivity  Impact  Calculator 

The  Erosion  and  Productivity  Impact  Calculator  (EPIC)  simulates  soil  loss 
and  crop  production  (Williams,  1985).  The  model  is  especially  useful  in 
providing  an  understanding  between  soil-loss  and  nutrient-loss  effects  on  long- 
term  productivity.  EPIC  is  a  field-scale  model  with  nine  major  conponents-- 
hydrology,  weather,  erosion,  nutrients,  plant  growth,  soil  temperature, 
tillage,  plant  environment,  and  economics. 

The  hydrology  component  is  based  upon  the  SCS  curve  number  method  and 
accounts  for  both  variable  soil  layer  thickness  and  runoff  from  frozen  soil. 
Both  percolation,  lateral  subsurface  flow  and  evapotranspiration  are  accounted 
for.  The  erosion  component  is  based  upon  the  USLE.  Weather  input  can  be 
simulated  as  the  model  can  be  run  for  long  time  periods  (greater  than  100 
years).  While  EPIC  was  originally  developed  for  croplands,  it  may  be  appli- 
cable to  rangelands.  Validation  efforts  on  rangelands  are  ongoing. 
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Rangeland  Hydrology  and  Yield 

Trie  Ekalaka  Rangeland  Hydrology  and  Yield  Model  (ERHYM)  models  soil 
moisture,  runoff,  and  annual  herbage  yield  on  northern  Great  Plains  Rangelands 
(Wight  and  Neff,  1983).  The  model  currently  is  being  validated  for  broad 
application  on  rangelands.  ERHYM  can  simulate  any  year's  observed  hydrologic 
and  vegetation  response  using  actual  daily  climate  data,  or  it  can  simulate  a 
current  year's  growing  condition  and  forecast  future  peak  standing  crop.  If 
unavailable,  the  niodel  is  capable  of  generating  temperature  and  solar  radiation 
data. 

ERHYM  separates  precipitation  into  runoff  and  water  available  for  soil- 
water  recharge  based  upon  the  SCS  curve  number  method.  It  then  provides  a 
daily  accounting  of  soil-water  content.  Evaporation  is  calculated  as  a 
function  of  potential  evaporation  and  the  time  since  the  soil  was  last  wetted. 
Transpiration  removes  water  from  each  soil  layer  based  upon  the  potential 
transpiration  soil-water  content,  root  distribution,  and  soil  temperature. 
Herbage  yields  are  based  upon  average  or  potential  site  productivity  and  are 
modified  by  the  ratio  of  actual  transpiration  to  potential  transpiration. 

Production  and  Utilization  on  Rangelands 

Tne  simulation  of  Production  and  Utilization  on  Rangelands  (SPUR)  model 
was  developed  by  the  Agricultural  Research  Service  to  represent  state-of-the- 
art  in  rangeland  ecosystem  models  (Wight  and  Springer,  1985).  SPUR  is  a 
physically-based  model  which  simulates  grazing  of  up  to  seven  individual  plant 
species  on  up  to  nine  range  sites.  The  model  can  account  for  wildlife 
consumption,  plant  competition,  and  livestock  and  plant  site  preference. 

SPUR  has  five  basic  components:  (1)  climate,  (2)  hydrology,  (j)  plant, 
(4)  animal,  and  (5)  economic.  The  model  requires  climate  data  that  can  be 
l^rom  historic  records  or  generated  within  the  model.  The  hydrology  component 
is  based  upon  tne  SCS  curve  number  method,  but  has  enhanced  capability  to  deal 
with  snowinelt,  and  water  and  sediment  routing.  The  plant  growth  model  is  more 
sophisticated  than  that  in  ERHYM  and  simulates  the  dynamics  of  phytomass  and 
nitrogen  in  the  soil-plant  system.  Both  a  pasture-scale  and  basin-scale 
version  of  SPUR  have  been  developed.  The  model  is  currently  being  refined  and 
validated  and  is  available  for  research  applications. 

Precipitation-Runoff  Modeling  System 

Tne  Precipitation-Runoff  Modeling  System  (PRMS),  developed  by  the  U.S. 
Geological  Survey,  evaluates  the  impacts  of  precipitation,  climate,  and 
land-use  on  surface  water  runoff  and  general  small  basin  hydrology  (Leavesley 
et  al.,  1983).  The  model  has  a  modular  design  which  allows  the  user  to  design 
and  construct  a  model  which  meets  his  needs  from  a  general  library  of  sub- 
routines. 

PRMS  can  function  as  either  a  lumped  or  distributed  parameter  model  and 
can  simulate  both  mean-daily  and  stormflow  hydrographs.  The  model  is  applied 
to  small  watersheds  which  have  been  divided  into  hydrologic  response  units 
(HRUs)  based  upon  gross  basin  characteristics  such  as  slope,  aspect,  soils, 
and  vegetation.  A  water  and  energy  balance  is  then  maintained  for  each  HRU. 
Streamflow  is  generated  by  surface,  subsurface  (interflow),  and  ground  water 
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flow  components,  and  then  routed  through  the  channel  system.  Net  precipitation 
is  partitioned  into  surface  runoff  using  a  form  of  the  Green  and  Ampt  infiltra- 
tion equation.  Snowmelt  is  computed  by  an  energy  balance  method.  Soil-water 
can  be  evaporated,  transpired,  or  routed--either  to  the  streams  or  to  a  ground 
water  zone. 

The  model  is  highly  physically  based  and  is  yery   data-intensive.  As  a 
result,  it  generally  requires  calibrating  to  individual  watersheds.  Calibra- 
tion and  parameter  optimization  have  been  performed  on  a  large  number  of 
rangeland  watersheds  in  U.S.  coal  regions. 
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IX.  STATISTICAL  CONSIDERATIONS  IN  WATERSHED  MONITORING 

Controls,  replication,  and  randomization  are  important  considerations  in 
watershed  monitoring  plans  and  all  are  necessary  to  evaluate  the  effect  of  a 
management  action. 

Controls 

Controls  are  necessary  to  attribute  a  detected  change  (or  lack  thereof) 
to  a  management  action.  If  the  management  action  and  control  areas  are 
located  so  that  the  management  action  is  the  only  difference  between  two 
areas,  then  any  change  can  be  attributed  to  the  management  action  rather  than 
to  a  pre-existing  difference  between  the  two  areas.  If  an  area  receiving  a 
management  action  changed  significantly  over  time,  it  will  be  difficult  to 
prove  that  the  management  action  caused  the  change  unless  a  comparaole  control 
area  was  monitored. 


Thus,  at  least  two  independent  plots,  samples,  or  observations  per 
management  action  and  per  control  area  are  required  to  compute  the  within 
group  variaoility.  It  is  not  acceptable  to  use  one  plot  or  sample  and  measure 
it  year  after  year.  The  years  are  not  replications,  but  are  repeated  observa- 
tions on  the  same  plot.  Statistics  books  refer  to  these  as  repeated  measures 
or  nested  designs  (Winer,  1971).  If  only  one  plot,  sample,  or  observation  is 
used,  statistical  methods  cannot  be  applied  to  the  data  analysis. 

The  numoer  of  samples  or  plots  required  to  detect  differences  between 
management  action  and  control  areas  depends  upon  the  computed  variance. 

The  F  test,  or  variance  ratio  test,  tests  whether  a  difference  between 
two  or  more  mean  values,  such  as  tne  mean  sediment  yield  for  an  exclosure  and 
a  control  area,  is  statistically  significant.  As  sample  size  increases,  the 
tabulated  F  values,  which  must  be  exceeaed  for  a  given  level  of  significance 
to  apply,  decrease. 

Because  both  the  variance  and  tabled  F  values  decrease  rapidly  as  the 
number  of  samples  or  plots  increase  from  two  to  four,  even  one  more  sample  or 
plot  than  the  minimum  of  two  will  result  in  a  much  more  sensitive  statistical 
test.  If  the  difference  between  the  management  action  and  control  areas  is 
large,  then  a  small  number  of  samples  or  plots  will  detect  the  difference. 
However,  if  the  measured  difference  is  small,  then  a  large  number  of  samples 
will  be  needed  to  detect  a  difference.  Most  statistics  books,  such  as  Sokal 
and  Rohlf  (1969)  or  Snedecor  and  Cochran  (1976)  give  formulas  to  estimate  the 
sample  size  needed  to  detect  a  difference  between  two  means. 


-18- 


Randomization 

The  purpose  of  randomization  is  to  remove  bias.  Randomization  gives  each 
potential  plot  location  an  equal  chance  of  selection.  The  area  included  in 
the  randomization  process  is  the  same  area  where  any  conclusions  will  apply. 
If  the  area  where  the  management  action  will  be  applied  is  chosen  rather  than 
randomized,  conclusions  will  apply  only  to  that  particular  area,  and  not  to 
any  surrounding  area,  no  matter  how  similar  that  surrounding  area  might  be. 

If,  within  a  grazed  pasture  and  within  an  ungrazed  pasture,  erosion  plot 
locations  are  randomly  selected  from  among  all  the  possible  plot  locations 
with  a  slope  of  2  to  3  percent  on  the  xyz  soil,  then  conclusions  will  apply  to 
all  areas  within  the  grazed  and  ungrazed  pastures  with  2  to  3  percent  slopes 
on  the  xyz  soil.  If,  however,  the  grazed  and  ungrazed  pastures  were  randomly 
chosen  from  among  all  pastures  within  a  larger  allotment,  then  conclusions 
will  apply  to  all  parts  of  the  allotment  with  2  to  3  percent  slopes  on  the  xyz 
soil . 

When  randomization  is  done  over  larger  areas,  the  variability  increases 
as  more  diverse  areas  are  included  within  the  randomization  area.  If  the 
number  of  replications  is  small,  i.e.,  two  or  three,  then  sites  should  be  \/ery 
similar  so  that  the  variability  will  be  as  small  as  possible. 

Two  packaged  statistical  programs,  SPSS  and  BMDP,  are  available  as  batch 
programs  on  BLM's  Honeywell  DPS-8  and  will  perform  all  these  analyses. 
Statpack,  an  interactive  statistical  package,  will  perform  some  of  the 
analyses. 
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X.  SAMPLE  DESIGN  AND  DATA  ANALYSIS 

Sample  Designs 

Plot  studies  should  be  designed  with  controls,  plots  should  be  randomly 
located,  and  samples  snould  be  replicated  to  provide  a  desired  level  of  statis- 
tical significance  to  the  data  analysis.  A  thorough  discussion  of  sampling 
designs  for  upslope  plot  studies  is  provided  in  Jackson,  et  al.  (1985). 

Instream  studies  are  also  best  designed  with  a  statistical  control  so  that 
paired-sample  analyses  can  be  performed  on  the  data.  Ponce  (1981)  provides  a 
thorough  discussion  of  sampling  designs  for  instream  water  quality  studies. 

Data  Analysis 

The  sampling  design  generally  dictates  the  data  analysis  methods  which 
can  be  used.  Most  upslope  or  instream  stuaies  are  analyzed  using  one  or  more 
of  four  common  statistical  methods:  T-tests,  Analysis  of  Variance  (ANUVA), 
Regression  Analysis  (including  trend  analysis),  and  Covariance  Analysis.  Each 
of  these  methods  is  Described  below. 

Three  major  assumptions  shared  by  the  four  methods  are  independence  of 
observations,  normality  of  the  underlying  distributions,  and  equality  of 
witnin  group  variances.  Independence  is  the  most  important  and  the  most  often 
violated  criterion.  Typically,  violation  of  the  independence  assumption  over- 
estimates the  statistical  significance  of  change  and/or  differences.  Violation 
of  the  normality  and  equality  of  variance  assumptions  can  often  be  corrected 
by  transforming  the  data  ana  when  not  corrected,  tends  to  underestimate  the 
significance  of  statistical  tests. 

Time-series  analyses  can  also  be  used  to  fit  and  forecast  hydrologic 
data,  and  are  described  below.  A  time  series  approach  to  analyze  hydrologic 
data,  wnich  is  often  correlated  with  time,  is  generally  warranted  since  the 
independence  of  observations  assumption  is  relaxed.  Presently,  time  series 
analysis  is  not  often  used  in  hydrologic  analyses,  tnough  the  recent  avail- 
ability of  easily  used  computer  programs  may  encourage  its  use. 

T-test 

A  T-test  assesses  the  significance  of  a  difference  between  two  sample 
means.  One  form  of  the  test,  often  called  a  two-sample  T-test,  is  used  with 
independent  samples  while  another  form  of  the  test  is  used  with  paired  or 
dependent  samples.  With  an  independent  sample,  observations  or  measurements 
are  classified  into  two  groups  and  a  test  of  mean  differences  is  performed. 
If  the  observations  within  a  sample  are  paired  or  correlated,  one  of  the  sets 
of  Observations  is  subtracted,  pairwise,  from  the  other  and  resulting  values 
are  tested  for  a  difference  from  zero. 

The  paired  T-test  is  quite  sensitive,  since  pairing  removes  outside 
influences  on  the  measured  variables.  If  the  total  number  of  observations  is 
wery   small,  i.e.,  less  than  eight,  a  paired  test  is  not  as  sensitive  as  a 
two-sample  test. 
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Analysis  of  Variance 

Analysis  of  Variance  (ANOVA)  assesses  the  effects  of  one  or  more  factors 
upon  a  continuous  dependent  variable.  A  one-way  ANOVA,  which  has  only  one 
factor,  is  merely  an  extension  of  the  T-test  to  more  than  two  groups.  Typical 
watershed  monitoring  factors  are  grazing  intensity,  season  of  the  year,  soil 
type,  and  vegetation  cover,  while  total  storm  runoff,  sediment  yield,  and  TDS 
are  common  dependent  variables. 

The  most  important  special  class  of  designs  for  watershed  monitoring  is 
that  class  which  has  repeated  testing  or  measuring  of  the  same  object  or 
individual,  sucn  as  daily  readings  from  a  stream  gage  or  several  years'  runoff 
values  from  erosion  plots.  The  repeated  measure  designs  also  assess  the 
significance  of  a  trend  over  time. 

Regression  Analysis 

Regression  analysis  predicts  one  variable  (the  dependent  variable)  in 
terms  of  one  or  more  other  variables  (the  independent  variaoles).  The 
coefficient  of  multiple  determination,  r^,  measures  the  prediction  accuracy 
and  strength  of  the  linear  association. 

Regression  analysis  can  be  performed  upon  a  fixed  number  of  independent 
variables,  or  a  stepwise  technique  which  allows  variables  into  the  regression 
equation  sequentially,  depending  on  their  predicting  ability,  can  be  used. 

Covariance  Analysis 

Covariance  analysis  combines  the  features  of  analysis  of  variance  and 
regression,  and  is  often  used  to  determine  if  one  regression  relationship  is 
different  from  another.  The  analysis  has  one  continuous  dependent  variable, 
but  the  independent  variables  include  both  the  types  described  above  under 
regression  and  analysis  of  variance.  The  dependent  variable  is  aajusted  by 
the  "regression  type"  independent  variaoles  before  an  ANOVA  assesses  the 
influence  of  the  "ANOVA  type"  independent  variables.  The  "regression  type" 
independent  variables  must  not  influence  the  "ANOVA  type"  independent 
variables,  but  should  influence  the  dependent  variable  directly. 

In  watershed  monitoring,  the  main  use  of  this  statistical  technique  is 
correcting  for  uncontrolled  influences  such  as  rainfall.  Properly  used,  this 
technique  increases  the  sensitivity  of  an  analysis  of  variance. 

Time  Series 

Time  series  analysis  characterizes  the  way  measurements,  made  at  equi- 
distant points,  vary  over  time.  The  measurements  may  be  correlated,  with  the 
correlation  between  measurements  depending  on  the  time  interval  separating 
them.  The  analysis  allows  for  the  presence  of  a  trend  in  the  data.  Generally, 
the  tnree  steps  to  model  a  time  series  are:   (1)  identify  a  tentative  model, 
{Z)   estimate  the  parameters  and  examine  diagnostic  statistics  and  plots,  and 
(3j  forecast  using  the  model,  if  it  is  deemed  acceptable  (SPSS,  Inc.,  1983). 
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XI.   INTERPRETATIONS  FROM  MONITORING  DATA 

The  purpose  of  monitoring  is  to  determine  whether  or  not  management 
objectives  are  being  achieved  by   implementing  land  use  management  plans. 
Therefore,  the  final  and  key  step  in  watershed  monitoring  is  to  ensure  that 
not  only  the  results  of  monitoring  programs,  but  interpretations,  analyses, 
and  alternative  recommendations  are  fed  back  into  the  planning  system.  Even 
when  it  is  determined  tnat  management  objectives  are  being  met,  the  results  of 
a  monitoring  program  may  indicate  that  management  modifications  are  required, 
or  even  that  modifications  in  the  original  watersned  management  objectives 
should  be  considered. 

Well  planned  and  well -implemented  monitoring  programs  will  do  more  than  meet 
monitoring  objectives.  They  will  enhance  our  understanding  of  both  natural 
systems  and  the  effects  of  management  prescriptions.  As  such,  they  will 
provide  additional,  useful  information  to  all  steps  of  the  resource  management 
planning  process. 
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A  Runoff  and  Soil -Loss 
Monitoring  Technique  Using  Paired  Plots 

Abstract 

Differences  in  annual  runoff  and  soil  loss  caused  by  livestock  grazing 
on  arid  rangelands  can  be  measured  directly  from  large  plots.  A  low-cost 
monitoring  tecnnique  is  described  which  uses  rectangular  plots,  collection 
tanks,  and  cumulative  mechanical  stage-height  counters.  Annual  runoff  and 
soil  loss  are  measured  on  paired  grazed  and  ungrazed  plots.  The  plots  are 
replicated  and  the  pairing  provides  a  control.  Thus  the  statistical  validity 
of  any  differences  between  grazed  and  ungrazed  plots  can  be  assessed.  The 
plots  are  easy  to  construct,  and  can  be  maintained  with  as  few  as  one  to  two 
visits  per  year.  The  system  is  presently  being  tested  at  four  separate 
locations. 
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INTRODUCTION 

This  technical  note  describes  the  construction  and  instrumentation  of 
runoff  plots  being  tested  to  measure  surface  runoff  and  soil  loss.  Appro- 
priate sampling  designs  and  data  analysis  methods  are  also  described.  While 
the  plots  are  designed  to  measure  annual  runoff  and  soil  loss  differences 
Detween  grazed  and  ungrazed  plots,  they  are  easily  adapted  to  measuring 
storm-perioa  runoff  and  soil  loss  differences.  Both  grazed  and  ungrazed 
plots  are  located  in  close  proximity  to  each  other  so  that  they  have  the  same 
slope,  aspect,  vegetation  cover,  soil,  and  precipitation  characteristics. 
The  plots  are  a  low-cost,  low-maintenance  method  of  monitoring  upland 
rangeland  hydrologic  condition.  Sampling  controls  and  replication  allow 
differences  in  runoff  and  sediment  yield  between  grazed  and  ungrazed  plots  to 
be  attributed  to  livestock  grazing  and  allow  a  level  of  statistical  signifi- 
cance to  be  attached  to  the  difference.  The  plot  size  and  measured  variables 
are  suitable  for  validating  common  runoff  and  soil-loss  models,  and  thus 
provide  information  which  can  be  extrapolated  to  other  areas  with  similar 
hydrologic  and  range-site  characteristics. 

BACKGROUND 

Instream  runoff  and  sediment  transport  rates  are  highly  variable  and  are 
influenced  by   many  factors  in  addition  to  changes  in  land  use  and  watershed 
condition.  Most  arid  watersheds — even  small  ones — are  hydrologically  com- 
plex. This  is  due  to  large  spatial  and  temporal  variations  in  watershed 
conditions.  Often  ungrazed  areas  sucn  as  bedrock  rims,  gullies,  or  channels 
are  important  source  areas  for  runoff  and  sediment.  Contributions  to  streams 
of  runoff  and  sediment  from  grazed  upland  areas  may  be  masked  tiy   processes  in 
ungrazed  areas  or  channels.  Suspended  sediment  transport,  for  example,  may 
vary  as  much  as  an  order  of  magnitude  at  a  single  stream  location  for  a  given 
runoff  rate  (Beschta,  1985).  Thus,  instream  sediment  transport  may  not  be  a 
sensitive  indicator  of  changes  in  watershed  conditions. 

Alternatives  to  traditional  instream  sampling  for  direct  rangeland 
watershed  monitoring  include  retention  basin  studies  (Burkham,  1966;  Lusby, 
1979),  simulated  rainfall  studies  (Lusby  and  Lichty,  1983),  erosion  transect 
studies  (Blaney  and  Warrington,  1983),  erosion  net  studies,  and  erosion 
condition  assessments  (Clark,  1974).  Small  retention  basin  studies  are 
similar  in  concept  to  the  plot  technique  described  here,  but  are  less 
amenable  to  the  design  principles  of  control  and  replication.  Rainfall 
simulation  studies  using  plots  large  .enougn  for  soil-loss  assessments  can  be 
carefully  designed  and  controlled,  but  are  labor-intensive  and  expensive. 
Also,  data  from  simulated  rainfall  studies  may  not  be  representative  of 
natural  runoff  and  erosion  rates  because  simulated  storms  generally  have 
little  resemblance  to  natural  storms,  and  temporal  variations  in  infiltration 
and  soil  erodioility  are  not  usually  sampled.  Erosion  transect  studies  and 
erosion  net  studies  provide  soil-loss  data,  but  not  runoff  data.  However, 
both  of  these  techniques  are  amenable  to  replication  and  control,  and  are 
easy  to  install  and  maintain.  Erosion  condition  assessments  provide  relative 
ratings  (without  physical  units)  and  are  best  suited  to  inventory-type 
studies. 


CONCEPT 

Runoff  plots  equipped  with  retention  tanks  have  been  successfully  used 
to  measure  long-term  runoff  and  erosion  rates.  In  fact,  a  0.01-ac.  plot, 
72.2  ft.  long  was  the  standard  runoff  unit  used  to  develop  soil-loss 
parameters  for  the  Universal  Soil  Loss  Equation  (Wischmeier  and  Smith, 
1978).  The  plot-retention  tank  technique  of  measuring  runoff  and  erosion 
volumes  is  extremely  accurate,  amenable  to  replication  (e.g.,  several  plots 
per  rangesite)  and  control  (locating  plots  in  exclosures),  and  inexpensive 
to  install  and  maintain.  In  addition,  data  collected  can  be  compared  using 
standard  statistical  techniques  or  analyzed  using  the  Universal  Soil  Loss 
Equation  (USLE),  the  SCS  Curve  Number  rainfall -runoff  technique,  or  other 
common  runoff  or  erosion  models. 

The  main  disadvantages  to  using  upland  runoff  plots  for  directly 
monitoring  rangeland  hydrologic  condition  are  (1)  the  low  number  of 
measurable  events,  (2)  equipment  failures,  (3)  improper  site  selection  or 
plot  installation,  and  (4)  difficulties  interpreting  upslope  processes  in 
terms  of  off-site  effects.  The  plot  technique  is  most  applicable  when 
upland  soil  loss  and  surface  runoff  are  the  issues  being  addressed  by 
management.  Additional  considerations  in  developing  rangeland  watershed 
monitoring  programs  are  discussed  in  Bureau  of  Land  Management  Technical 
Note  369  (Jackson,  et  al.,  1985). 


METHODS 


Plot  Construction 


The  plots  are  constructed  of  low  cost  and  readily  available  materials, 
and  are  easily  installed.  Cost  of  materials  per  plot  is  about  $125,  plus 
$160  for  the  recording  instrument.  A  list  of  materials  used  in  plot 
installation  is  shown  in  Table  1.  Time  required  to  install  the  four  plots 
is  approximately  10  person-days. 

Each  plot  is  50  ft.  long  by  10  ft.  wide.  Side  and  upper  borders  are 
wood  planks  set  about  3  in.  into  the  soil  and  supported  by  wooden  surveyor 
stakes  (Figure  1).  The  lower  border  is  a  standard  metal  rain  gutter  set  in 
the  soil  with  its  upper  edge  at  ground  level  (Figure  2).  The  gutter  is  in- 
stalled at  an  angle  to  the  slope  and  with  a  slight  drop  to  insure  movement 
of  sediments  through  the  gutter.  A  length  of  angled  roof  edging  is  placed 
in  the  soil  above  the  gutter  and  attached  so  that  it  overhangs  the  gutter 
edge,  providing  a  stable  runoff  surface  into  the  gutter.  The  gutter  is 
covered  with  hardware  cloth  to  prevent  rodent  nesting.  The  disturbed  area 
above  the  gutter  is  treated  with  Celltite,  a  liquid  soil  sealer  which 
hardens  when  sprayed  on  the  soil.  Figure  2  shows  a  finished  lower  border. 
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Table  1.  Material  List  for  Runoff  Plots 


44  1  in.  X  6  in.  X  10  ft.  treated  boards 

2  bundles  18  in.  surveyor  stakes 

3  lbs  8  penny  galvanized  nails 

4  10  ft.  metal  rain  gutters 

12  10  ft.  metal  corrugated  downspouts 
4  10  ft.  type  AA  angled  roof  edging 
4  gutter  end  caps 
4  gutter  connecting  sleeves 
4  gutter  corners 
2  tubes  latex  caulK 

12  ft.  X  36  in.  wide  1/2  in.  mesh  hardware  cloth 

baling  wire 

twine 

fencing  materials 

Celltite  soil  sealer 
4  mechanical  float  counters 
4  100-200  gal.  stock  water  tanks 
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Figure  1.  Photograph  of  plot  borders, 
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Figure  2.  Photograph  of  lower  plot  border, 
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All  water  and  sediment  collected  in  the  gutter  is  transported  to  a 
collection  trough  via  a  downspout.  Figure  3  shows  a  30-ft.  length  of  down- 
spout ending  at  a  collection  trough  set  in  the  ground  with  its  upper  edge 
slightly  above  ground  level.  Depending  on  the  slope  of  the  terrain,  the 
downspout  length  can  be  varied  so  that  the  trough  rests  on  the  ground  surface 
or  slightly  below.  This  makes  installation  and  maintenance  easier.  In  any 
case,  the  downspout  should  be  set  so  that  a  constant  slope  is  maintained  to 
the  trough  to  prevent  sediment  deposition. 

The  collection  tank  is  a  100  or  200  gal.  oval  stock  watering  trough. 
Water  level  in  the  tank  is  recorded  by  a  mechanical  float  counter,  described 
below,  which  will  cumulatively  measure  increases  in  stage.  Decreasing  water 
level  due  to  evaporation  will  not  affect  the  readings.  The  counter  is  de- 
signed to  be  read  yearly.  The  readings  are  converted  to  a  depth,  then  multi- 
plied by  the  area  of  the  tank  to  calculate  an  annual  runoff  amount  after 
precipitation  has  been  subtracted.  Sediment  yield  will  also  be  measured  at 
this  time. 

Instrumentation 

There  are  many  ways  to  measure  runoff  and  sediment  delivered  to  the 
retention  tanks.  In  fact,  for  detailed  storm  period  data,  traditional 
methods  of  stage-height  recording  and  automatic  sediment  sampling  should  be 
employed.  However,  this  system  is  capable  of  collecting  annual  runoff  and 
soil-loss  data  with  as  few  as  1-2  maintenance  visits  per  year.  In  arid 
areas,  the  retention  tank  (or  basin)  concept  traps  all  inflowing  waters  and 
sediment.  If  the  water  evaporates  during  dry  periods,  sediment  delivery  (or, 
in  this  case,  soil  loss)  can  be  measured  directly  by  collecting  and  weighing 
the  accumulated  sediment.  A  delivery  rate  in  units  of  mass  over  time  is 
determined  by  dividing  by  the  length  of  time,  in  years,  since  the  last 
cleaning  and  weighing  of  sediment  in  the  tank. 

Total  runoff  is  more  difficult  to  measure,  because  of  evaporation 
losses.  To  solve  this  problem,  a  cumulative  mechanical  water-level  recorder 
that  keeps  track  of  the  total  delivery  of  runoff  to  the  retention  tank  was 
designed  for  this  project.  The  recorder,  designed  to  be  maintenance-free,  is 
being  tested  on  the  plots  constructed  for  this  project. 

The  cumulative  water-level  recorder,  available  from  the  Federal  Inter- 
agency Sediment  Project,  consists  of  an  open-ended  belt  with  a  float  attached 
to  one  end  and  a  weight  to  the  other  end  (Figure  4).  The  belt  hangs  from  a 
pulley  mounted  on  a  horizontal  shaft  .(Figure  5).  A  mechanical  rotary  counter 
is  attached  to  one  end  of  the  shaft  and  a  roller  clutch  is  located  in  a 
support  block  at  the  other  end  of  the  shaft.  A  roller  clutch  looks  like  a 
roller  bearing  and  acts  like  one  for  one  direction  of  shaft  rotation.  When 
the  shaft  is  rotated  in  the  reverse  direction,  however,  the  roller  clutch 
locks  onto  the  shaft,  preventing  rotation.  A  second  roller  clutch  is  located 
in  the  bore  of  the  pulley. 

The  float  and  counterweight  are  enclosed  within  an  open  55-gal .  barrel 
turned  upside  down.  The  pulley,  shaft,  and  counter  are  enclosed  in  a  box 
mounted  on  top  of  the  barrel  (Figure  5). 
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Figure  3.  Photograph  of  Plot  Downspout  and  Collection  Tank, 
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Figure  4.  Cross-section  View  of  Cumulative  Stage  Counter, 
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Figure  5.  Top  View  of  Cumulative  Stage  Counter, 
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As  water  enters  the  reservoir,  the  float  is  buoyed  up  off  the  retention 
tank  floor.  The  counterweight  at  the  other  end  of  the  belt  pulls  the  belt 
across  the  pulley  causing  it  to  rotate.  The  pulley's  roller  clutch  locks 
onto  the  shaft,  turning  it  and  the  counter.  The  counter  registers  the  shaft 
rotation  as  long  as  the  float  rises.  When  the  water  reaches  its  maximum 
level,  all  movement  in  the  recorder  ceases. 

When  water  losses  occur,  the  float  will  fall,  causing  the  pulley  to 
reverse  its  direction.  The  pulley's  roller  clutch  now  acts  as  a  bearing,  and 
allows  the  pulley  to  turn  freely  on  the  shaft.  The  second  roller  clutch, 
located  at  one  end  of  the  shaft,  locks  onto  the  shaft.  Since  the  shaft  does 
not  turn,  the  counter  does  not  turn  backward,  but  instead  remains  station- 
ary. The  instrument  requires  about  1/3  in.  of  water  to  become  buoyant  enough 
to  start  recording.  After  that,  it  records  continuously.  The  rotary  counter 
can  be  read  accurately  to  about  1/4  in.  Installation  details  for  the  water 
level  recorder  are  provided  in  Appendix  I. 


STATISTICAL  CONSIDERATIONS  IN  PLOT  PLACEMENT 

Controls,  replication,  and  randomization  are  important  considerations  in 
plot  placement.  All  three  considerations  are  necessary  to  evaluate  differ- 
ences in  runoff  and  sediment  yield  between  grazed  and  ungrazed  areas.  Though 
all  three  considerations  are  discussed  below,  a  more  complete  discussion  can 
be  found  in  Bureau  of  Land  Management  Technical  Note  369  (Jackson,  et  al., 
1985). 

Controls 

Controls  are  necessary  to  attribute  any  detected  change  in  runoff  or 
sediment  yield  to  grazing,  rather  than  to  a  climatic  change,  or  some  other 
condition  unrelated  to  grazing. 

Replication 

The  minimum  replication  is  two  plots  on  the  fenced  exclosure  and  two 
plots  on  the  grazed  area.  Four  or  five  plots  in  both  the  exclosure  and  the 
grazed  area  will  allow  a  much  smaller  difference  in  runoff  or  sediment  to  be 
detected  at  a  given  level  of  statistical  significance  than  will  two  plots  in 
each  area. 

It  is  not  acceptable  to  establish  one  plot  and  measure  it  year  after 
year.  The  years  are  not  replications;  but  are  repeated  observations  on  the 
same  plot.  Statistics  books  refer  to  these  as  repeated  measures  (Winer, 
1971).  If  only  one  plot  is  established,  statistical  methods  cannot  be  used 
in  the  data  analysis. 

Randomization 

Randomly  placed  plots  will  avoid  bias.  All  potential  plot  locations 
should  have  an  equal  chance  of  selection.  Following  is  an  example  which 
randomly  locates  three  plots  on  an  8-ac.  exclosure. 
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Randomization  process:  Example 

Only  areas  at  least  50  ft.  from  the  exclosure  fence  witn  grasses  (no 
trees  or  shrubs),  slopes  of  3-4%,  no  gullies,  and  the  same  soil  will  be 
Included.  The  north  and  south  portions  of  the  exclosure  have  many  small 
gullies  which  reduces  potential  plot  locations  by  one-half  to  one-third. 

The  8-ac.  exclosure  and  grid  system  for  this  example  are  shown  in 
Figure  6.  The  50-ft.  perimeter  and  the  trees  in  the  central  portion  have 
been  excluded.  Cutting  the  grid  density  in  naif  for  the  north  and  south 
portions  gives  those  areas  less  than  half  the  chance  of  selection  of  the 
central  areas,  wnlch  is  in  proportion  to  the  lower  number  of  suitable  plot 
locations  in  the  north  and  south  areas. 

Final  plot  locations  are  selected  by  numbering  all  the  intersections 
within  the  boundaries  and  randomly  selecting  a  number  between  1  and  43  (the 
number  of  plot  locations)  for  each  of  the  three  desired  plots.  Find  the 
selected  grid  locations  in  the  field,  then  walk  north  and  locate  the  plot  in 
the  first  suitable  location  within  10  ft.  to  either  the  right  or  left.  The 
map  doesn't  have  to  be  perfect.  The  object  is  to  try  to  give  all  suitable 
plot  locations  an  equal  cnance  of  selection. 

ANALYSIS  OF  COMMON  SAMPLING  DESIGNS  FOR  RUNOFF  PLOTS 

Design  A.  This  design  has  only  one  plot  and  thus  no  control  or  replication, 
and  should  not  be  used.  Let's  assume  you  are  not  responsible  for 
the  design,  but  are  responsible  for  evaluating  20  consecutive 
years  of  data  collected  from  one  plot. 

Possiole  analyses:  Regression  can  be  used  to  quantify  a  change  over 
time,  but  the  significance  levels  of  the  slope  (B)  and  the  r^  values  are 
overestimated.  However,  the  computed  slope,  B,  is  a  valid  estimate  of  the 
yearly  change  over  time.  This  overestimate  of  r^   and  the  significance 
level  of  B  is  caused  by  lack  of  Independence  between  the  yearly  values,  which 
violates  the  assumptions  of  the  regression,  and  thus  Invalidates  the  signifi- 
cance levels  of  the  results.  Thus,  if  the  slope  is  non  significant,  there  is 
definitely  no  significant  linear  trend  over  time. 

In  a  report,  simply  make  a  statement  of  the  facts,  such  as  "over  the  20 
years,  runoff  on  the  plot  decreased  from  8.6  ft^  to  4.3  ft^,  averaging 
.2  ft^  per  year."  Don't,  however,  quote  significance  levels  or  r2 
values,  since  they  are  incorrect. 

Design  B.  This  design  has  two  or  more  plots  on  an  area  of  Interest,  but  has 
no  corresponding  control.  The  design  will  allow  probability 
statements  to  be  attached  to  a  change  over  time,  or  confidence 
limits  to  be  placed  on  sediment  yield  or  runoff  for  any  given  year 
or  group  of  years.  However,  because  a  control  area  was  not 
measured,  it  may  be  impossible  to  sell  the  idea  that  a  management 
action  caused  a  change  over  time. 
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Figure  6.  Eight-acre  Exclosure  and  Grid  System  for  Randomization  Example, 
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Analyses:  A  change  over  time  can  be  tested  using  a  t-test  or  ANOVA. 
The  t-test  is  simple,  but  not  s/ery   powerful  since  the  test  will  have  only  p-1 
degrees  of  freedom,  where  p  is  the  number  of  plots.  For  each  plot,  it  is 
possible  to  quantify  differences  in  annual  soil  loss  or  runoff  between,  say, 
the  first  year  and  the  last  year,  or  perhaps  the  sum  of  the  first  three  years 
and  the  sum  of  the  last  three  years.  The  t-test  can  be  used  to  see  if  the 
differences  are  significantly  different  from  zero.  A  repeat  measure  ANOVA, 
with  an  orthogonal  decomposition  of  the  year  sum  of  squares  into  linear, 
quadratic,  etc.  components,  is  slightly  more  powerful  (Table  2).  The 
orthogonal  decomposition  is  merely  an  algebraic  method  of  breaking  down  an 
equation  (sum  of  squares  in  this  case)  in  such  a  manner  that  none  of  the 
pieces  overlap. 


c^ 


Table  2.  Example  ANOVA  Table 


1 ine  number 

source  of 
variation 

degree  of 
freedom 

significance  test 

1 

year 
linear 
quadratic 

• 
• 
• 

degree  y-1 

y-1 

MS(1)/MS(2) 
MS(lin)/MS(2) 

2 

error 

y(p- 

-1) 

w*  —  M 

• 


where  p  =  number  of  plots  in  exclosure 
y  =  number  of  years 
MS(i)  =  the  mean  square  error  for  line  i 


If  year  (line  1)  is  significant,  check  further  to  see  if  the  linear 
component  is  also  significant.  If  the  linear  component  is  significant,  do  a 
regression  to  quantitate  the  change  per  year,  but  use  the  significance  level 
from  the  ANOVA  rather  than  the  regression  as  explained  under  "Possible 
Analyses."  In  the  regression,  years  will  be  the  independent  variable,  and 
runoff  or  sediment  the  dependent  variable. 

Design  C.  This  is  the  recommended  design.  It  has  one  exclosure  with  two  or 
more  plots  within  the  exclosure  and  two  or  more  plots  outside  the 
exclosure.  Statistical  methods  can  assess  differences  between  the 
grazed  and  exclosure  areas,  as  well  as  any  changes  over  time.  The 
control  area  allows  management  to  take  credit  for  any  detected 
changes  or  differences. 
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Analyses:  Two  or  more  plots  are  nested  within  the  exclosure  and  two  or 
more  plots  are  nested  "outside  the  exclosure."  See  Sokal  and  Ronlf  (1969)  for 
more  information  on  nested  ANOVA  design  (Table  3). 

Table  3.  Nested  ANOVA  Table 


line  number 

source  of 
variation 

degree  of 
freedom 

significance  test 

1 

fence 

1 

MS(1)/MS(2) 

2 

plots  within  fence 

2(P-1) 

— 

3 

years 

y-1 

MS(3)/MS(5) 

4 

(fence)  x  (years) 

y-1 

MS(4)/MS(5) 

5 

(plots  within  fence) 
X  (years) 

2(P-I)(y-1) 

— 

» 


Where  p  =  number  of  plots  in  exclosure 
y  =  number  of  years 
MS(i)=  the  mean  square  error  for  line  i 


1.  If  the  plots  are  on  an  existing  exclosure  and  the  change  to  be  detected 
has  already  occurred,  then  look  for  a  significant  F  value  on  line  1. 
This  would  indicate  a  significant  difference  between  the  fenced  and 
unfenced  plots.  For  only  1  year,  lines  3-5  are  not  present  and  the  test 
becomes  a  two  sample  t-test  with  aegrees  of  freedom  =  2(p-l). 

2.  Plots  on  a  newly  created  exclosure  and  plots  on  the  grazed  area  should 
have  the  same  runoff  and  sediment  yield  at  year  one,  the  time  at  which 
the  exclosure  was  created.  Over  the  years,  improvement  might  be  expected 
on  the  exclosure  but  not  on  the  grazed  area.  If  this  is  true,  line  4, 
the  interaction  between  fence  and  year,  will  be  significant.  If  the 
interaction  is  significant,  the  difference  in  runoff  and  sediment  yield 
between  the  fenced  and  unfenced  plots  over  time  should  be  further  in- 
vestigated by   analyzing  the  fenced  and  unfenced  plots  separately. 

These  separate  analyses  are  6one   via  one-way  repeated  measure  ANOVAs 
(Table  4)  (Winer,  1971). 
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Table  4.  One-way  Repeated  Measure  ANOVA  Table 


e 


degree  of 
freedom 

significance  test 

y-1 
1 

MS{1)/MS(2) 
MS(lin)/MS(2) 

(y-l)(p-l) 

-  -  - 

p-1 

_  -  _ 

• 


source  of 
1  ine  number         variation 

1  years 

linear 

2  plots  within  years 

3  between  plots 

Where  y  =  number  of  years 
p  =  number  of  plots 
MS(i)=  mean  square  error  for  line  i 

The  mean  square  for  years  can  be  broken  down  into  linear,  quadratic,  etc. 
terms  up  to  degree  y-1.  See  page  12  "Analyses,"  for  an  explanation.  If  there 
is  a  constant  change  over  time,  tne  linear  component  will  be  significant  and  a 
regression  can  be  done  to  compute  the  slope  of  the  line.  The  slope  of  the 
line  IS  the  increase  or  decrease  in  sediment  or  runoff  per  year.  However,  the 
regression  overestimates  the  significance  of  the  slope  and  the  r^  values,  so 
don't  make  decisions  which  rely  on  them. 

Design  D.  This  design  has  two  or  more  exclosures  with  one  plot  per  exclosure, 
plus  two  or  more  grazed  plots.  It  answers  the  same  questions  as 
Design  C  and  has  the  same  precision.  Design  D  is  more  expensive 
than  Design  C  to  install  since  separate  exclosures  must  be  built 
for  half  the  plots. 

Analysis:  Same  as  Design  C. 

IMPLEMENTATION 

Plots  should  be  located  in  the  range  site  of  interest  to  management. 
Unless  an  existing  exclosure  can  be  utilized  for  the  control  plots,  a  new 
exclosure  will  be  required.  Also,  information  on  runoff  and  soil  loss  will  be 
most  useful  in  conjunction  with  corresponding  monitoring  information  on 
rangeland  vegetation.  Thus  it  may  be  desirable  to  coordinate  runoff  plot 
locations  with  vegetation  monitoring  sites.  Once  the  homogeneous  site  of 
interest  is  selected,  individual  plots  should  be  sited  randomly  as  described 
previously. 

Of  tne  plots  constructed  for  this  project,  four  each  are  located  on: 

1)  Glaciated  plains  east  of  Havre,  Montana, 

2)  Big  sagebrush  rangeland  northwest  of  Elko,  Nevada, 

3)  Fine,  alluvial  rangeland  south  of  Hurricane,  Utah,  and 

4)  Silty  salt-desert  rangeland  south  of  Naturita,  Colorado.  ^tk 
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All  plots  were  constructed  in  the  summer  of  1984.  The  exclosure  for  the 
Hurricane  plots  had  been  in  place  for  3  yrs.  at  the  time  the  plots  were 
constructed.  All  other  control  plots  were  fenced  at  the  time  of  construc- 
tion. Detailed  descriptions  of  each  plot-monitoring  site  were  prepared  at  the 
time  of  construction  and  are  available  from  the  local  Bureau  of  Land  Manage- 
ment Office.  Data  will  be  analyzed  as  described  for  sampling  Design  C  above. 

To  date,  runoff  events  have  occurred  on  all  16  plots.  While  the  plots 
and  instruments  have,  in  general,  performed  as  planned,  problems  have  been 
identified  and  some  minor  modifications  in  construction  may  be  required. 
Possible  improvements  to  be  considered  include  a  solid  PVC-type  drain  spout, 
use  of  fabric  in  combination  with  soil  sealant  at  the  lower  plot  border, 
frequent  (e.g.,  annual)  applications  of  soil  sealant,  larger  (e.g.,  200  gal.) 
retention  tanks  in  higher  rainfall  areas,  better  screening  of  tanks  to  keep 
out  small  animals,  improved  leveling  of  the  float-counter,  and  improved 
sealing  of  plot  borders  in  active  (shrink/swell;  freeze/thaw)  soils.  In 
addition,  a  lid  will  be  required  on  retention  tanks  located  in  areas  of 
blowing  snow.  When  it  is  necessary  to  set  tanks  deep  in  the  ground,  addi- 
tional screening  from  blowing  soil  is  required,  and  cleaning  sediment  from  the 
tanks  is  more  difficult.  Recommendations  for  modifications  or  improvements 
will  be  made  after  additional  analysis  of  field  performance. 

CONCLUSIONS 

Replicated  pairs  of  runoff  plots  can  be  used  to  monitor  directly  changes 
in  upland  runoff  and  soil  loss  caused  by  livestock  grazing.  The  plots  allow  a 
statistical  significance  to  be  placed  on  annual  difference  in  runoff  and  soil 
loss  between  grazed  and  ungrazed  plots.  The  plots  are  easy  and  inexpensive  to 
construct,  and,  when  instrumented  with  a  cumulative  stage  counter,  may  be 
maintained  with  as  few  as  one  to  two  visits  per  year.  Optional  instrumen- 
tation would  permit  storm-period  data  to  be  collected.  The  plot  design  and 
cumulative  stage  counters  developed  for  this  project  are  currently  being 
tested  at  four  separate  field  locations. 
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Appendix  I 

INSTRUCTIONS  FOR  ASSEMBLY  OF  THE  CUMULATIVE 

WATER-LEVEL  RECORDER 

The  cumulative  water-level  recorder  is  shipped  in  the  following  parts  and 
subassemolies: 

1 )  55-gal .  barrel 

2)  recording  instrument 

3)  float,  belt,  and  counterweight 

4)  anchor  rod 

5)  stainless  steel  wire 

6)  Fiberglas  filter  material 

7)  bag  of  fasteners 

Much  of  the  assembly  can  be  done  in  the  shop  prior  to  field 
installation.  The  recorder  must,  however,  be  protected  while  transporting  it 
to  the  field  when  pre-assembled. 

Assemble  the  recorder  as  follows: 

1)  Connect  the  instrument  to  the  55-gal.  barrel.  First  be  sure  that 
the  instrument  sits  reasonably  flat  on  top  of  the  barrel.  Align 
the  instrument  so  that  the  ends  of  the  pulley  are  directly  above 
the  two  large  holes  and  that  the  two  mounting  orackets  are  aligned 
with  the  matching  holes  in  the  barrel  .Zi  Apply  caulk  or  sili- 
cone sealant  to  the  bottom  of  the  instrument  box,  reposition  it  on 
the  barrel,  and  secure  it  with  the  #8-32  x  1/2  machine  screws, 
lock  washers,  and  nuts.  Holes  in  the  barrel  may  have  burrs  and 
sharp  edges;  appropriate  caution  should  be  used. 

2)  From  outside  of  the  barrel,  pass  two  lengths  of  straightened 
stainless  steel  wire  into  the  two  inner  holes  on  the  barrel  head. 
Tnese  holes  (14  in.  apart)  are  located  on  opposite  sides  of  the 
instrument.  Pass  the  wire  through  the  barrel  until  it  emerges 
from  the  open  end  of  the  barrel . 

3)  In  a  similar  manner,  pass  a  length  of  string  or  cord  through  the 
large  hole  at  tne  take-up  end  of  the  pulley.  This  is  the  upper  of 
the  two  large  holes  when  viewed  as  if  reading  the  counter. 

4)  Tie  the  string  to  the  counterweight  and  orient  the  float  so  that 
the  oelt  is  aligned  with  the  hole  that  the  string  passes  through 
and  that  the  two  1/2  in.  holes,  in  tne  float  are  aligned  with  the 
holes  the  wires  pass  through./^  Feed  the  wires  through  the 
matching  holes  in  tne  fl9at.  Push  the  float  into  the  barrel  while 
holding  onto  the  wires.  Pull  the  counterweight  and  belt  through 
the  hole  under  the  pulley. 

5)  Push  one  cotter  pin  into  the  hole  at  one  end  of  the  anchor  rod. 
Push  the  rod  through  tne  matching  holes  at  the  open  end  of  the 
barrel.  Secure  the  rod  in  place  by  installing  the  second  cotter 
pin  in  the  rod  end  protruding  from  the  barrel. 
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5)  Insert  the  wires  in  the  matching  holes  in  the  anchor  roa.  Wrap 
each  wire  around  the  rod  and  twist  the  free  ends  to  the  straight 
portion  of  wire  that  emerges  from  the  rod.  Make  this  tie  as  small 
and  tight  as  possible.  Nip-off  the  wire  ends. 

7)  On  the  barrel  head,  locate  the  outer  holes  adjacent  to  the  holes 
from  which  the  wires  emerge.  Slip  a  washer  onto  each  self-tapping 
screw  and  screw  halfway  into  the  outer  holes.  Pull  each  wire,  one 
at  a  time,  so  that  it  is  taut.  Do  not  pull  hard  enough  to  bend 
the  anchor  rod.  Wrap  each  wire  around  the  shank  of  the  adjacent 
screw  and  secure  by  tightening  the  screw  to  the  barrel  head.  Do 
not  strip  the  self-tapped  thread. /3 

8)  Apply  caulk  or  sealant  over  all  holes  and  screw  heads  outside  of 
the  instrument  box.  This  includes  the  inside  diameter  of  the 
anchor  rod.  Caulk  the  outer  edge  of  the  instrument  box,  if 
desired.  The  barrel  should  be  watertight  except  for  the  open  end 
and  the  inside  of  the  instrument  box. 

This  completes  the  shop  assembly. 

FIELD  INSTALLATION 

The  barrel  should  be  located  where  it  will  be  level  and  where  the  water 
surface  will  oe  the  least  disturoea.  Cut  70  in.  of  fiberglass  insulation. 
Fold  the  insulation  in  half  along  its  length.  Disposable  gloves  may  be 
advisable  when  handling  fiberglass.  Keep  fiber  particles  away  from  eyes  and 
skin.  Place  the  barrel  in  mounted  position.  Tuck  the  insulation  under  the 
lip  of  the  barrel  for  the  entire  circumference.  Be  sure  that  no  insulation 
interferes  with  the  float.  There  should  oe  no  gaps  in  the  insulation  or  areas 
Where  insulation  is  not  fully  compressed.  Also,  the  barrel  must  be  level. 
Make  any  needed  adjustments  to  the  fiberglass.  The  barrel  can  be  secured  in 
place  by  cross  supports  across  the  top  of  the  retention  tank,  or  by  Dolting  to 
the  bottom  of  the  tank. 

The  insulation  acts  as  a  filter,  keeping  sediment  and  debris  outside  of 
the  barrel.  The  tightly  compressed  insulation  also  is  necessary  to  dampen 
fluctuations  in  water  level.  Without  this  dampening,  slosh  and  wave  motion 
will  oe  recorded.  A  delay  in  the  recording  of  a  rising  water  level  is  not 
detrimental . 


CALIBRATION 

Trie  recorder  may  be  caliorated  in  the  shop  or  in  the  field.  A  field 
check  is  more  desirable,  but  may  not  oe  practical  where  water  isn't  readily 
available. 
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One  revolution  of  the  pulley  is  equal  to  about  7  in.  of  rise  in  water 
level.  One  revolution  also  registers  as  10  counts  on  the  counter.  The 
counter,  therefore,  records  about  3/4  in.  increase  in  stage  per  count. 
Interpolating  between  counts  should  give  results  to  the  closest  quarter  in. 
Further  precision  in  readout  is  unnecessary  due  to  the  magnitude  of  inherent 
errors  in  the  recorder. 

The  vinyl  covered  fiber  belt  may  become  more  supple  over  time.  This 
would  primarily  be  due  to  exposure  to  elevated  temperatures.  It  may  be 
advisaole  to  recalibrate  the  recorder  after  this  occurs. 

For  additional  information,  contact  the  Federal  Interagency  Sedimentation 
Project  at  FTS  787-3352  or  (612)  349-3352. 

/I   Stack  flat  washers  under  one  bracket  to  level  the  instrument  (if 
necessary). 

II       The  bottom  side  of  the  float  has  a  1-in.  wide  channel,  the  top  does  not. 
Tne  arrow  on  the  bottom  side  of  the  float  should  point  toward  the  "X" 
marked  on  the  inside  of  the  barrel.  This  will  position  the  belt  below 
the  proper  hole  in  the  barrel  head. 

/3   Remove  the  string  from  the  sinker.  Gently  pull  the  float  toward  the 

instrument.  If  necessary,  twist  tne  belt  so  that  the  length  between  the 
float  and  your  hand  is  flat  (untwisted).  Feed  the  sinker  through  the 
second  large  hole  beneath  the  pulley.  The  belt  should  be  lowered  onto 
the  pulley  so  that  the  belt  remains  untwisted. 

/4   The  bolt  should  pass  through  a  flat  washer,  the  reservoir,  and  a  second 
flat  washer.  Tighten  down  a  nut  onto  the  bolt.  Hold  this  bolt  in 
position  with  a  wrench;  then  tighten  a  second  nut  onto  the  bolt  using  a 
second  wrench.  This  will  lock  the  two  nuts  together. 

/5   Use  two  wrenches.  One  wrench  must  be  used  to  hold  the  lowermost  nut  in 
place. 
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I.   Randomization 

1.  Reduces  bias  (human) 

2.  Purpose  Is  to  give  each  potential  site  an  equal  chance  of  selection 

3.  Do  before  "treatment"  is  applied,  if  possible 

4.  Possible  methods 

-  grid  systems 

-  other 

II.   Replication  and  controls 

1.  Allow  detected  changes  to  be  attributed  to  management  actions 

2.  Allow  use  of  statistical  methods  to  assess  the  significance  of 
differences 

3.  Note  difference  between  replications,  observations  per  cell,  and 
observations  over  time 

4.  Replication  reduces  variance 

III.   Assumptions  for  Parametric  Statistical  Tests 

1.  Observations  are  independent 

2.  Distribution  of  the  population  is  known 

3.  The  variances  of  the  population  being  compared  are  equal  or  of  known 
ratio 

Additional  requirements  for  most  test  (ANOVA) 

a.  Data  collected  in  a  random  manner 

b.  Error  variation  of  data  (Regression) 

a.  Independent  of  means 

b.  Normally  distributed 

c.  Homogeneous 

c.  Variance  components  are  addative 

IV.   Steps  in  a  study 

1.  Conduct  literature  review 

2.  Write  study  plan 

a.  Objective 

b.  Hypothesis 

c.  Design 

d.  Test  statistic  and  level  of  significance 

3.  Peer  review 

4.  Establish  study 

5.  Collect  data 

6.  Test  hypotheses 

7.  Make  inferences 

8.  Document 

9.  Review  by  peers 

10.   Publish  information  if  applicable 


• 


From:   Byron  Thomas,  Soil  Scientist 
Oregon  State  Office 
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V.   Common  "Experimental" designs 

1.  Completely  random 

2.  Repeated  measure 

3.  Nested 

4.  Randomized  block 

5.  Split  plot 
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Statlstlcs 


I.  Introduction 


What  is  statistics?  Statistics  is  the  technology  of  the  scientific 
method.  It  is  the  making  of  decisions  in  the  face  of  uncertainty. 
It  is  a  branch  of  applied  mathematics,  based  on  probability  theory, 
that  deals  with  the  collecting  and  interpreting  of  data.  Data  are 
collected  from  "populations"  in  an  attempt  to  make  "Inferences" 
about  those  populations,  usually  about  the  mean  (y)  and  variance 
[a^)   of  the  populations. 


2 
II.  Estimating  the  mean  (y)  and  variance  (a  )  of  a  populati 


on. 


1)  If  a  "population". of  numbers,  caddis  fly  lengths  for  example, 

is  finite  and  small,  we  can  compute  the  value  of  the  mean  directly, 
by  the  formula 

y  -  Ex/n 

where  n  is  the  number  of  caddis  flies  in  the  population  of 
interest  and  Ex  is  the  sum  of  the  lengths  of  those  n  flies.     If 

•the  population  is  not  finite  or  imagined  to  be  wery  large,  we 
draw  a  "random  sample"  from  the  population  and -estimate  the  mean 
by 

X  =  Zx/n, 

where  n  is  now  the  size  of  the_sample  and  Zx  is  the  sum  of  the 
measurements  in  that  sample,     x  is  an  estimate  of  the  true  mean 

p. 

2)  To  estimate  the  variance,  a     (roughly  speaking  the  measure  of 
variation  among  the  numbers  in  a  population  of  numbers),  we  use 

s^  »  I(x-x)^/(n-l). 

2  2    2 

s  is  an  estimate  of  the  true  population  variance,  a  .  s  is 

called  the  "sample  variance"  and  x  is  called  the  "sample  mean." 
An  equivalent  formula  for  the  sample  variance  is 

S^  =  (Zx^-(Zx)^/n)/{n-l). 

which,  for  hand  calculations,  is  a  superior  formulation.  With 
the  ready  availability  of  electronic  computing  machinery  these 
days,  however,  it  matters  little  which  formula  is  used. 
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3)  Consider  the  following  example  -  Z  is  a  set  of  6  caddis  fly  lengths 
randomly  drawn  from  a  stream. 
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Z  =  {2.3.5.2.4.5}. 

X  =  Zx/n  =  (2+3+5+2+4+5 )/6  =  3.5 

s^  =  (Ix2.(lx)2/n)/(n^l) 

«  ((2^+3^+5^+2^+4^+5^)-(2+3+5+2+4+5)^/6) 
/(6-1)  -  (83-73„5)/5  -  1,9. 

The  square  root  of  the  sample  variance  is  called  "the  sample 
standard  deviation." 


STD  DEV  =-v/ variance  = 
For  our  example. 


is  an  estimate  of  the  true  population  standard  deviation,  a. 

Standard  error  of  the  mean  =  s.e.=  Sx  =  S/^/rT 
III.  Hypothesis  testing 

1)  Is  the  mean  length  of  a  caddis  fly  3  centimeters?  Suppose  such  a 
question  were  of  interest  to  you.  Let's  say  someone  has  assured 
you  that  the  mean  length  of  a  caddis  fly  in  a  certain  stream  is 
3  centimeters,  but  from  your  own  experience  you  are  sure  the  mean 
length  is  much  longer.  Here  is  how  you  would  go  about  deciding 
who  is  right:  To  test  the  "null  hypothesis"  Hq  that  ji  s  3  against 
the  alternative  H/^  thatM  >  3  draw  a  random  sample  of  n  caddis  flies 
from  the  stream,  measure  their  lengths  and  compute  the  value  of  the 
•^tudent-t"  statistic_ 

X-  3 


t  = 


s//n 


where  x  and  s  are  the  sample  mean  and  sample  variance  discussed 
in  the  last  section. 

2)  If  the  computed  value  of  t  exceeds  the  "tabulated  value"  of  t, 
y     ^^  tC.05,6-1)  -  2.015,  (from  the  student-t  table  in  the  appendix 
Viy\      - —    of  any  statistics  book)  you  Reject"  the  null  hypothesis  Ho:y=3 
\  and  accept  the  alternative  Hf^:\i  >   3.  If,  on  the  other  hand,  the 

computed  value  of  the  t-statistic  from  the  data  does  not  exceed 
2.015,  your  conclusion  is:  these  data  do  not  show  that  the  null 
hypothesis,  y  =  3,should  be  rejected.  This  does  not  necessarily 
mean  that  you  must  accept  the  null  hypothesis,  it  means  that 
you  should  "reserve  judgment"  until  more  data  are  collected.  In 
practice,  few  of  us  can  afford  the  luxury  of  reserving  judgment 
and  we  are  usually  obliged  to  accept  Hq  when  it  is  not  rejected. 
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3)  Let's  execute  the  test  Ho:p*3  against  Ha:u>3  using  the  data  of 
article  II; 

Recall  X  «  3.5,  s  »  1.38  and  n  «  6,  so 

t  «  ^=Ha  .   3.5   .   3   i    gg 

sA/fi~1.38/yr" 

Since  t  -   .89<2.015,  we  fail  to  reject  Hq  and  conclude  that  maybe 
y=3  is  correct  for  this  stream. 

Notice  that  the  conclusion  tends  to  be  somewhat  non-committal.  You 
really  don't  want  to  ascend  the  pulpit  and  beat  a  drum  when  your 
data  fails  to  reject  a  null  hypothesis.  You  really  never  have 
grounds  for  a  strong  positive  statement  about  conclusions  unless 
the  data  has  rejected  the  null  hypothesis.  Even  then,  when  you 
reject  the  null  hypothesis,  there  is  a  chance  that  you  are  wrong  - 
that  is,  you  may  conclude  that  the  null  hypothesis  should  be 
rejected  when  in  fact  it  is  true.  However,  the  chances  of  your 
committing  such  an  error  (formally  it's  called  a  type  I  error) 
is  carefully  controlled  by  what  is  called  the  "significance  level" 
of  the  test.  For  the  test  just  executed  the  significance  level 
was 

o  =  5%  =  .05; 

It  was  the  number  .05  in  the  expression  t(.05,6-l). 

That  other  number  (6-1)  in  the  expression  t(.05,6-l)  is  called 
the  "degree  of  freedom"  of  the  t-statistic,  abbreviated  "df"  and 
determined  by  the  sample  size  used  in  estimating  s. 

df  =  n-1 

for  the  case  when  a  single  sample  is  used  to  compute  the  student-t. 
Both  the  degree  of  freedom,  df  =  6-l,and  the  significance  level, 
o  =  .05,  were  used  in  locating  the  tabulated  critical  value  2.015 
in  the  t-table. 

IV.  Comparing  two  population  means. 

1)  Suppose  you  wanted  to  compare  the  caddis  flies  in  two  different 

streams  (or  the  turbidity  or  the  dissolved  oxygen  or  any  measureable 
characteristic).  To  test  Ho:yi  =  y2  against  Hy^iy-j  t  yg  ^^^  ^^^ 


student-t  statistic 
t  = 


^1  "  ^2 


• 


(n^-1)  s^^  +  (n2-l)  %^ 


ni+n2-l 
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and  reject  Hq  If  the  computed  value  of  t  Is  greater  than  t(.025,  df)^F 
or  less  than  -t(.0  5  .  df),  where 

df  ■  ni+ng-'Z 
is  the  degree  of  freedom  for  this  student-t. 
2)     Consider  the  following  example: 

Suppose  xi=3.5,  si^«1.9,  ni«6  and  X2=4.8.  S2  =2.0.  n2=10. 
t  -  (3.5-4.8)/((((6-l)1.9+(10.1)2.0)(l/6+l/10))/(6+10-2))^/^ 

=  -1.3/(((9.5+18.0)(8/30))/14)^''^ 
=  -1.3/((27.5)(.267)/14)^/2 
*  .1.3/(7.333/14)^/^ 
=  -1.3//124  =  .1:796. 

Comparing  this  with  the  tabulated  t-values.   t(.05    14)   =2  145  and 
L    \     ^      -t(   05    14)  =  -2.145,  we  fail   to  reject  Hq  and  conclude  that  xi-3.t) 
'jy^'^^-^      and  l2=4.8  are  not  significantly  different  from  one  another. 

This  test  presupposes  that  7i  and  ^2  are  calculated  from  "independent 
random  samples.     When  measurements  are  not  from  independent  samples. 
a  "paired-difference"  t-test  may  be  appropriate. 

V.     The  paired-difference  test  for  comparing  two  means. 

1)     Suppose  you  are  making  measurements  on  turbidity  (or  some  other 
^     characteristic)  at  8  specific  locations  on  a  stream  during  the 
summer,  and  plan  to  compare  them  with  8  similar  measurements  to  be 
^ar the  f 01  Ling  winter.     Note  that  winter  --^ ^--^-\^^^^^Z^' 
made  at  the  same  location  will   not  be  independent  but  are     naturally 
paired  by  location. 


A 


2)     If  the  suniner  mean  is  v\  and  the  winter  mean  is  112.  we  may  test 
Hotui   =  Vi  against  Ha:pi  *  V2using  the  student-t  statistic 


.Ao^  t  =  I/(s/v^) 

where 

d  =  I(x"j-X2)/n 


is  the  average  of  the  "differences"  of  the  pairs  of  measurements  made 
It  each  of  nVcations.  The  s  in  the  formula  is.  just  as  before,  the 
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^  sample  standard  deviation  of  these  differences, 

s  «0Z(d-d)2/(n-l)  . 

3)  Suppose  the  16  measurements  at  the  8  locations  were 

(2.3)  (5,4)  (1.7),  (3.6),  (2,4)  (5.8),  (1,3),  (3.5). 

1  -  ((2-3)+(5-4)+(l-7)+(3-6)+(2-4)+(5.8)+(l-3)+(3-5))/8 

«  (-l+l-6-3-2-3-2-2)/8 

=  -18/8  =  -2.25. 

s^  =  ((Zd2-(ld)2/8)(8-l) 

=  ((-l)^+l^+(-6)^(-3)2+(-2)^{-3)2+(-2)^(-2)2 
-  (-18)^/8)/?  =  (68-324/8)7 


i 


• 


=  27.5/7  =  3.929. 
s  =s/3'.'929  =  1.982. 
The  computed  value  of  t  is  thus 
t  -  -2,25/(1.982/^8^  =  -3.211. 

We  reject  the  null  hypothesis,  Ui=y2»  ^^   ^^"•^  computed  value  of  t 
is  larger  than  t(. 0  5  .n-1 )  or  smaller  than  -t(.0  5  ,n-l).  From  a 
t-table  we  discover  that  t(.05  .8-1)  =  2.365.  Since  t=-3.211  <  -2.365 
we  reject  the  null  hypothesis  and  conclude  that  the  mean  turbidity 
(or  whatever  is  being  measured)  for  summer  is  different  from  that 
during  the  winter.  The  jargon  of  statistics  might  have  you  say, 
"there  is  evidence  at  the  5%  level  of  significance  that  the  hypothesis 
of  equal  means  should  be  rejected."  There  is  a  5%  chance  that  you  are 
wrong  when  you  say  this. 

VI  Regression  Analysis 

1)  What  is  regression  analysis?  The  term  "regression  analysis"  dates  back 
to  a  study  done  by  Sir  Francis  Gal  ton  (a  cousin  of  Charles  Darwin)  on 
the  relationship  between  a  man's  height  and  the  adult  height  of  his 
sons.  In  modern  applications  it  is  used  whenever  a  relationship 
between  two  or  more  variables  is  suspected.  Consider  for  example 
the  variation  in  suspended  solids  with  stream  flow  during  a  hydrologic 
event.  If  x  =  stream  flow  in  millions  of  gallons  per  day  and  y  = 
suspended  solids  in  milligrams  per  liter  we  might  collect  data  in 
the  form  of  ordered  pairs  (x,y).  The  data  can  be  plotted  in  what 
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is  called  a  "scatter  diagram"  measuring  x  along  the  horizontal 
axis  and  y  along  the  vertical  axis. 


ss 


flow 


If  the  scatter  diagram  exhibits  a  "linear  tendency"  you  might 
conjecture  a  linear  relationship 

y  =  mx  "»■  b 

between  x  and  y  and  attempt  to  estimate  the  parameters  m  (slope) 
and  b  (y-intercept) .  The  equation  y  =  mx  +  b,  with  suitable 
estimates  of  m  and  b,  is  called  "the  estimated  regression  line" 
and  can  be  used  for  prediction  both  "within"  and  "beyond"  the  data. 
The  process  of  fitting  a  straight  line  to  the  data  in  a  scatter 
diagram  is  called  regression  analysis. 

2)     How  are  the  regression  parameters  m  and  b  estimated?  The  technique 
is  called  the  "method  of  least  squares"  and  the  results  are: 

m  ^  ^^r^^^y/" 


and 


b  =  y-mx. 

Note  that  m  must  be  calculated  first,  then  b  (using  m).  Let's 
try  an  example  with  contfitv.ed  data  to  keep  the  calculations 
simple. 

3)  Suppose  the  collected  data  were  (1,1),  (2,3),  (3,3).  and  (5.4), 
You  should  plot  these  points  in  a  rough  scatter  diagram  before 
we  begin. 

2     2 
The  d^enominator,  Zx  -(Ex)  /n,  is  algebraically  equivalent  to 

E(x-x)^  ,  and  is  denoted  by  the  abbreviation  SSx  (meaning  sum 
of  squares  for  x), 

SSx  =  Ix.^-(Lx)^/n. 


^ 
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Slmilarly, 

SSxy  ■  Zxy-ZxLy/n, 
so  m  can  t>e'wr1tteh 

•"      SSx  ' 
Let's  do  SSx  first. 

SS^  =  (l2+2^3^52)-0*2*3+5)2/4 

«  39-ll^/4«39-30.25=8.75. 

Then 

SSxy  «  (l:l+2-.3+3-3+5-4)-(l+2+3+S)(l+3+3+4)/4 

«  (l+6+9+20)-(n)(n)/4 

=  36-30.25  =  5.75. 

Thus  the  slope  of  the  regression  line  is 

„  _  SSxy   5.75    cc 
■"  ■  SST  "^TF  =  •^^•_ 

The  intercept  is  given  by 

b  «  y-nix  «  (U3+3+4)/4-. 66(1+2+3+5)74 

«  (n)/4-.66(n)/4 

«  2.75-1.82  =  .93. 

The  equation  of  the  estimated  regression  line  is 

y  =  .66x  +.93. 

To  predict  what  the  suspended  solids  concentration,  y,  will  be 
when  the  flow  reaches  x  =  7  MGD,  set 

y  «  .66(7)+. 93 

to  get  y  =  5.55  mg/l . 

This  "reaching  beyond  the  data"   is  called  "extrapolation."     To 
predict  y  when  x  =  4,  set 

y  =   .66(4)+. 93 

y  =  3.57nig/l . 

This  is  called  "interpolation." 
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4)     The  estimated  regression  line  is  of  no  use  as  a  predictor  if  the 
si  ope »  m,  is  zero.     In  the  example,  m  turned  out  to  be  m  =   ,,66  and, 
of  course,   =66  is  different  from  zero.     The  question  is  though,  is 
the  difference  between  »66  and  0  statistically  significants     There 
is  a  t-test  which  can  be  used  to  test  the  slope  of  a  regression  line, 
but  a  roughly  equivalent  test  is  to  test  the  "correlation  coefficient" 
r,  which  measures  the  strength  of  the  linear  relationship  between 
X  and  y. 


VII.     The  analysis  of  variance— one  way  classification.     (The  completely 
randomized  design) 

1)     We  saw  in  the  student-t  statistic  a  way  to  compare  the  means  of  two 
populations.     Is   it  possible  to  compare  three  or  more  populations 
simultaneously?     The  answer  is  yes.     The  technique  is  called   "the 
analysis  of  variance"  anova.     Here's  how  it  works. 

~  2)     Given  k  random  samples  (not  necessarily  of  equal   sample  size)  from 
k  separate  populations,  we  can  test  the  null   hypothesis  Ho:yi    r  ji2  " 
...«  P(5,that  all  the  means  are  equal  against  the  alternative  Hy^  that 
not  all   the  means  are  equal  using  the  Fisher  F-statistic. 

F  =  MST/MSE. 

rejecting  the  null  hypothesis  if  this  computed  F  exceeds  the 
tabulated  value,  F(.05,dfi .df^).  The  F-statistic  is  a  ratio  of  two 
chi-square  statistics,  each  divided  by  their  respective  degrees  of 
freedom.  Consequently  the  tabulated  F's  have  two  separate  degrees  of 
freedom,  df,,  and  df2,  associated  with  them. 

3)  MST  stands  for  "mean  square  for  treatments."  MSE  stands  for  "mean 
square  error."  They  are  computed  by  the  following  formulas: 

MST  *  SST/(k-l) 

t2     ? 

SST  =  Z(^  )-(Ix)VN 

where  '^]Jz*-"*^k   *'*®  ^^®  ^"""^  (totals)  of  the  observations  in  each 
of  the  K  samples,  n  is  the  number  of  observations  in  the  sample  with 
sum  T.  Zx  is  the  sum  of  all  the  observations  in  alj_  the  samples  and 
N  is  the  total  number  of  all  observations. 
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MSE  «  SSE/(N-k)  «  (SSTOTAL-SST)/(N-k) 

where 

SSTOTAL  -  ?:x^-(3:x)^/N. 

These  formulas  may  appear  formidable,  but  they  are  quite  easy  to 
apply  as  our  numerical  example  will  show. 

4)  Suppose  the  following  data  were  collected  on  the  phosphorus  content 
of  the  leaves  of  three  species  of  trees: 

The  species  are  labeled  A«  B  and  C, 


A:   3.4.6,5,5 

B:   6.7,9,8 

C:  .  6,8,7 

The  population  totals  are 

T^  =  3+4+6+5+5  =  23 

"1  =  5 

T2  =  6+7+9+8  =  30 

np  =  4 

T3  =  6+8+7  =  21 

_  "3  =  ^' 

(Zx)^/N  «  (23+30+21)^/(5+4+3) 
=  74^/12  «  456.333. 

SSTOTAL  =  Ix^-Ctx)^/N 

=  (3^+4^+6^+5^+5^+6^+7^+9^+8^+6^+8^+7^ ) 
-456.333 

=  490-456.333  =  33.667. 
SST  =  Z(T^/n)  -  (•Ex)^/N 

=  Il!  +  l2-  +  l3i.  456.333 
ni    n2    n3 

=  23^  +  302  +  21^  -  456.333 

"5~  ^r  "I" 

=  477.800-456.333  =  21.467. 
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SSE  «  SSTOTAL-SST  «  33.667-21.467  «  12.200.  ^ 

MST  =  SST/(k-1)  «  21.467/(3=1)  =  10.733. 
MSE  «  SSE/(N-k)  »  12.200/(12-3)  «  1.355. 
Finally 

F  =  MST/MSE  ^  10.733/1.355  =  7.918  » 
Now  df^  =  k-1  =3-1*2. 
and  df^  =  N-k  =  12-3  =  9, 
so,  F(.05,dfpdf2)  *  F(.05,2,9)  =  4.26. 

Comparing  F  -   7.198  with  4.26  we  reject  the  null  hypothesis  and 
conclude  that  not  all  the  means  are  equal,  but... maybe  two  of  the 
means  are  equal.  Having  discovered  that  there  are  significant 
differences  among  the  sample  means,  how  do  we  discover  exactly 
which  differences  are  significant?  There  are  several  methods 
available.  A  test  due  to  Tukey  can  be  used  when  the  k  sample 
sizes  are  all  equal.  The  Duncan  multiple  range  test  also  requires 
equal  sample  sizes.  Yet  another  method  due  to  Scheffe'  uses  a 
series  of  "contrasts."  None  of  these  methods  will  be  discussed 
here.  The  student  is  referred  to  the  literature.  R.  Lowell  Wines' 
book  has  a  particularly  good  discussion.  It  is  generally  safe  to 
assume  that  the  difference  between  the  largest  and  smallest  of  the 
k  means  is  significant  without  further  testing. 

VTII.  Covariance  Analysis 

1)  Suppose  you  are  interested  in  the  dissolved  oxygen  (y,  the 
response  variable)  in  a  stream  at  three  different  locations. 
Simply  run  an  analysis  of  variance,  right?  No,  that  won't  do, 
because  the  effect  of  temperature  would  mask  differences  in 
location.  The  effect  of  temperature  (x,  the  covariate)  can  be 
"removed"  by  combining  regression  analysis  and  analysis  of 
variance. 

2)   This  analysis  takes  into  account  the  effect  of  the  covariate, 
X,  on  the  response  variable,  y.   Basically,  a  regression  is 
done,  y  =  mX  +  b,  to  correct   the  response,  y,  for  the  effect 
of  X.   This  new,  corrected  response  value  is  used  in  the  anova. 
However,  all  this  is  done  simultaneously,  so  that  the 
significance  of  the  regression  (covariate)  as  well  as  the 
"treatment"  are  tested. 


(I 
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IX.   Variance  stabilizing  transformations 

Case  (i):  af,  =  cVu-  ^^  this  case  the  cell  variances  tend  to  be  functions 
of  the  cell  means :  the  larger  the  mean,  the  larger  the  variance.  This  kind 
of  relationship  exists  when  the  within-cell  distribution  is  Poisson  in  form. 
For  this  case,  a  square-root  transformation  will  tend  to  make  the  variances 
more  homogeneous.    This  transformation  has  the  form 


where  X  is  the  original  scale  and  X'  is  the  transformed  scale.  If  X  is  a 
frequency,  i.e.,  number  of  errors,  number  of  positive  responses,  and  if  X 
is  numerically  small  in  some  cases  (say  less  than  10),  then  a  more  appro- 
priate transformation  is 

^i}k    =    ^  ^iilc    +    ^-^ijk    +    1- 

The  following  transformation  is  also  used  for  frequency  data  in  which  some 
of  the  entries  are  numerically  small : 


^iik   —   ^  Xfj^   +   -o. 

Either  of  the  last  two  transformations  is  suitable  for  the  stated  purpose. 

Case  (ii):  erf,  =  iu„{\  —  //„).  This  case  occurs  in  practice  when  the 
basic  observations  have  a  binomial  distribution.  For  example,  if  the 
basic  observations  are  proportions,  variances  and  means  will  be  related  in 
the  manner  indicated.  The  following  transformation  is  effective  in 
stabilizing  the  variances, 

X;j,c  =  2arcsin  V  X,,,,, 

where  Xij^.  is  a  proportion.  In  many  cases  only  a  single  proportion 
appears  in  a  cell.  Tables  are  available  for  this  transformation.  Nu- 
merically, X-,,c  is  an  angle  measured  in  radians.  For  proportions  between 
.001  and  .999,  X-,^  assumes  values  between  .0633  and  3.0783.  The 
notation  sin"^  (read  inverse  sine)  is  equivalent  to  the  notation  arcsin.  For 
values  of  X  close  to  zero  or  close  to  unity,  the  following  transformation 
is  recommended: 

X;,,  =  2  arcsinv'A-,,,  -  [I/(2aj)], 

where  n  is  the  number  of  observations  on  which  X  is  based.  The  plus 
sign  is  used  for  X^j^  close  to  zero;  the  minus  sign  is  used  for  X,,^  close  to 
unity. 

Case  (iii):  cr^,  =  k^/j^^-  In  this  case  the  logarithmic  transformation  will 
stabilize  the  variances. 

x;,k  =  log  Xiik- 

To  avoid  values  of  X  close  to  zero,  an  alternative  transformation 

XU  =  log  (^,,,  +  I) 

is  often  used  when  some  of  the  measurements  are  equal  to  or  close  to  zero. 
The  logarithmic  transformation  is  particularly  effective  in  normalizing 
distributions  which  have  positive  skewness.  Such  distributions  occur  in 
psychological  research  when  the  criterion  is  in  terms  of  a  time  scale,  i.e., 
number  of  seconds  required  to  complete  a  task. 

From:  Winer,  B.J.  1971  Statistical  Principles  in  Experimental  Design 
McGraw-Hill,  New  York 
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Values  of  t  (Steel   and  Torrie  1960) 


4f 

Probability  of  a 

larger  value  of  t,  sign  ignored      "T"    ,  ^       i-  ^ 

0.5 

0.4 

0.3 

0.2 

0.1 

0.05 

0.02 

0.01 

0.001 

1 

1  000 

1.376 

1.963 

3.078 

6.314 

12.706 

31.821 

63.657 

636.619 

2 

.816 

1.061 

1.386 

1.886 

2  920 

4.303 

6.965 

9  925 

31.598 

3 

.765 

.978 

1.250 

1.638 

2  353 

3.182 

4.541 

5.841 

12.941 

4 

.741 

.941 

1.190 

1.533 

2.132 

2.776 

3.747 

4.604 

8.610 

5 

.727 

.920 

1.156 

1.476 

2.015 

2.571 

3.365 

4.032 

6.859 

6 

.718 

.906 

1.134 

1.440 

1.943 

2.447 

3.143 

3.707 

5.959 

7 

.711 

.896 

1.119 

1.415 

1.895 

2  365 

2.998 

3  499 

5  405 

8 

.706 

.889 

1.108 

1.397 

1.860 

2.306 

2.896 

3  355 

5.041 

9 

.703 

.883 

1.100 

1.383 

1.833 

2.262 

2.821 

3.250 

4.781 

10 

.700 

.879 

1.093 

1.372 

1.812 

2.228 

2.764 

3.169 

4.587 

11 

.697 

.876 

1.088 

1.363 

1.796 

2  201 

2.718 

3.106 

4.437 

12 

.695 

.873 

1.083 

1.356 

1.782 

2.179 

2.681 

3.055 

4.318 

13 

.694 

.870 

1.079 

1.350 

1.771 

2.160 

2.650 

3.012 

4.221 

14 

.692 

.868 

1.076 

1.345 

1.761 

2.145 

2.624 

2.977 

4.140 

15 

.691 

.866 

1.074 

1.341 

1.753 

2.131 

2.602 

2.947 

4.073 

16 

.690 

.865 

1.071 

1.337 

1.746 

2.120 

2.583 

2.921 

4.015 

17 

.689 

.863 

1.069 

1.333 

1.740 

2.110 

2.567 

2.898 

3.965 

18 

.688 

.862 

1.067 

1.330 

1.734 

2.101 

2.552 

2.878 

3,922 

19 

.688 

.861 

1.066 

1.328 

1.729 

2.093 

2.539 

2.861 

3.883 

20 

.687 

.860 

1.064 

1.325 

1.725 

2,086 

2.528 

2.845 

3.850 

21 

.686 

.859 

1.063 

1.323 

1.721 

2.080 

2  518 

2.831 

3.819 

22 

.686 

.858 

1.061 

1.321 

1.717 

2.074 

2.508 

2.819 

3.792 

23 

.685 

.858 

1.060 

1.319 

1.714 

2.069 

2  500 

2.807 

3.767 

24 

.685 

.857 

1.059 

1^18 

1.711 

2.064 

2.492 

2.797 

3.745 

25 

.684 

.856 

1.058 

1.316 

1.708 

2.060 

2.485 

2.787 

3.725 

26 

.684 

.856 

1.058 

1.315 

1.706 

2.056 

2.479 

2.779 

3.707 

27 

.684 

.855 

1.057 

1.314 

1.703 

2.052 

2.473 

2.771 

3.690 

28 

.683 

.855 

1.056 

1.313 

1.701 

2.048 

2.467 

2.763 

3.674 

29 

.683 

.854 

1.055 

1.311 

1.699 

2  045 

2.462 

2.756 

3.659 

30 

.683 

.854 

1.055 

1.310 

1.697 

2.042 

2.457 

2.750 

3.646 

40 

.681 

.851 

1.050 

1.303 

1.684 

2.021 

2.423 

2.704 

3.551 

60 

.679 

.848 

1.046 

1.296 

1.671 

2.000 

2  390 

2.660 

3.460 

120 

.677 

.845 

1.041 

1.289 

1.658 

1.980 

2.358 

2.617 

3.373 

00 

.674 

.842 

1.036 

1.282 

1.645 

1.960 

2.326 

2  576 

3.291 

0.25 

0.2 

0.15 

0.1 

0.05 

1  0.025 

0.01      i    0.005 

j     0.0005 

df 

1 

1 

F 

Probability  of  a  lar] 

jcr  value 

of  r,  sign 

considered       Q  ^ 

;e.  -Vqv 

Source:  This  table  is  abridged  from  Table  III  of  Fisher  and  Yates,  Statistical  Tables  for 
Biological,  Agriadtural,  and  Medical  Research,  published  by  Oliver  and  Boyd  Ltd.,  Edinburgh, 
1949,  by  permission  of  the  authors  and  publishers. 


4 


» 


-15- 


^ 


p 


I 


I 


Q 

««.  s 

«*  d 

5  II 

"5  e 


£ 


8 
8 


—..^  kni«.<n>m_  ^  a  e>  ^■^  r^  r»^<or4ae  •tf'->«e<C'*>  ^9>r~v%Y  r>4— •9«<na 

_,»%SS  S5S5^  55g;52  SpSSS  S«or..  JSi-^  r-.  ^.o-o*  «*^.nr4C 

7»ww%  ^  r^  r^  ri  r*  ri  ri  r^  r^  r^  r>i«««  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  — 

«N   — 

_w>«^35  ?rpMO^^-  •^«r»nr<—  —  pp»;0^  o\oo«owp"_  '^.  *^.  '^'*.  '^,  '~*'iT~'^ 

vtosKiri  <^fn»n*«ii>>i  f«ir«r<ii»«r4  r>«r<««s-"—  —  —  —  —  —  —  —  —  —  —  —  —  —  —  — 

«s  — 

i*0«  fn^OOOv  rto>«OH  «o  —  «p;«e  SS2JS2  SSSC^S  SSmSS 

_vtKS  'rt^Jnpi^  ^ovtntnf"*  —  —  ppON  w>Ov«c«o«o  «o«)«^r>;r»;  ^.«o•*^^^n 

>no««>w^  ^  f^  t^  *n  ri  ri  ri  ri  ri  ri  ri  ri  ri  ri  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  — 

o>  r*  ^  r-  ^  T  f^  ^  r^  f^  ^  f"  o««o«2  &£S:r£  C:!S2D!:s  2S25S25 

w%o;«o«-I  V»n»ntniN  r>»r<i<»«r<i«*»  «Nr<r<4r>ip«i  —  —  —  —  —  —  —  —  —  —  —  —  —  —  — 

fM   — 

_«^3S  SSSpJg  °?;I?Sr^  (mS^  —  — .  p  dpff;(><»i  «^^K•o•ooo  OOP-,  «ov^'» 

SeCab<r>  V«->»-»»^r«4  p«p4p«ip^P^  p«4p<i«sp«P4  p«»p<  —  —  —  —  —  —  —  —  —  —  —  —  — 

rt  — 

•vp-  ♦->•♦  —  p<o  "n-  —  —  p<«o  o>•»o^«l^—  SSSR2  )S!2!?:;;S  S:SS:;;Si 

-w^iP  K5^  —  *  A>o«n^fn  r«irM  —  —  —  ppppov  0;o>0>»jOv  oor-;r-_«>ri 

$oJao«r;  Vp-i'^fici  p<«N«>ip<p<  p«ip>ip«ip>ir*  r«ip^P<P<—  —  —  —  —  —  —  —  —  _  — 

r<  — 

W90  vor-'V'O'v  r-«o-w«oo>  »-»oc'->os«o  •^op'-Qp^  ?;2C:;£2  S2s:;sc^ 

?ooo«<-;  ^pip^fHP^  p^isoir^P^  <N«sr<P4ri  rJp<p<P4P<4  cm  —  —  —  —  —  —  —  —  — 

PI  — 

^*®»  SS^^NO  SPS"^  ^-.P^Pir*  R----  6p5dp  pojwp..  <© 

^T&Iootr;  Vp^pn'np^  rir^rir^p^i  «sp^p*p«p*  p>«P4r^r<«p«  p>4iN<Nr<fM  p«  —  —  —  — 
«>t  — 

•»—  ooOr~oor-  —  osOnOp^  oop^oo'V—  5*222*  !£*^2C!2  ?i$^SS!C 


o«  00  to     ^  * 


fi  fi    ri  r^  ri  r4  ri     ri  ri  t>t  r4  r^     p^p>«p*«sp*     p«p<r<P*r*    fsrx  —  —  — 


a>   ^      ^  ^   «»   <r» 

^  ^  p-  o»     p-  o  'O  "-1 

■V    C^   oei   <ri      V  v'  fn  p^ 


Z    "Sp-S*    ^-fl-T-fl-pi    r-i<-)r-ip^pj    '^.  •^.  <~i":— :    —P*;^". 

pi     r>ip4pjp^p>i     p^ipifXP^ifN     p^pirsr^ps     p<rM'pip<ip>i     p<r>i  —  —  — 


ca 
< 


< 


g 


e 
o 


Q 

"£    o 

2  II 


£ 


—  O      r*0«00v«0      P*00  —  «P>      OS^W>©P<      »>t^«»P*0      0OP»«r»'»P«      ^p4^<0 
^oep     **:  ~^'^—     o^oop>;>o     ip;"^^'^^     p^p^p^p^fn     P4p<ip<r>ipi     p4  —  po> 

o\«b<d     VVp^«^p^     p^p<r««pip>i    pip>ipir4p4     r>ip^r>ip<p>i     fM'p4p<ip«f<i     P4P4P4  — 


r:; 

ss 

P-    «PI 
P    Ov 

«n  p»  0 

00    P^    P>; 

^  OS  <n  —  oo 
so  «rv  «n  «o  ^ 

«P>  Ps|   0   P-    so 

^    P4    —   Os   00 

«n  p^  «»»  P4  psi 

i»  00  0  ^  ^ 

1  -:  —  P  «5 

;^  Z: 

p.  "* 

00   0 

n  —  »  0  o« 
go  PI  p-  «o  p^ 

25 

—  p^  \o 
OS    00   »~ 

—  <o  —  00  <» 
r»  >5  so  «n  vs 

—  *  «  ^  rsl 

•n  •v   TT   *   ■«■ 

0  OS  P»   so  «r> 

^   m   *^   f*%  f-^ 

p^  <o  r--  0.  — 
p^  PI  —  0  0 

P-1    0^ 

p*  — 

00  <o 

P^   p^ 

P4    PsI    PI 

PI     PI     Psl    PsI     P>l 

IN  PI  p>i  psi  rs( 

rsi  PI  PI  PI  M 

^  '-i 

V-,    00   r^   oc    r- 
^    PI    GO    *n    r^ 

p<  ^  e  p>i  w-i 
pj  C  c  o^  «c 

o>   xr  0  "O  »-s 
P~    P»    P-    sC    >o 

Q    P-    s*^    P^    — 
■0    sn   sri  «-i   sr> 

OS    P-    sC    «^    <-l 
■^    T    •«■     ^    V 

PI   n   >'^  oc  0 

V    P^    IM    —    — 

p<  — 

00  « 

p^  p^ 

P^   01    H 

psi  pi  p4  PI  r>i 

0  •? 

p  PI 

m  9i  p.  9k  00 
p  p^  Wj  »o  "r 

SS 

—  p^  >o 

-:  P  ^ 

p  <p>  —  p"  * 

*  ao  00  P-  P>; 

^  S  s5  3  -o 

P    OS   P>-    >0   «P( 
>«    o-l    an   <Pl   «r) 

»n  •n  p-  OS  ^ 

PI  — 

Ov  <0 

223 
19.2 

9.12 
6.39 

—  <pi  —  00  «> 

oe  <o 

so  oe  — 
PI  —  — 

\Cl  —  <c  ">  0 

0  oo\9>ey. 

r^  ^  PI  0  00 

00    00    so    00    P^ 

^    V    "-I    —   0 

OS  —  <-i  IPS  p- 
<o  «  ><->  ■^  P^ 

^  ^. 

00  9^ 
pj  «^ 

—   >o   <^   P-    vO 
V  p»  »->  0  00 

OS   — .   •v 

^     TT    --1 

o»   •v   0   so   "-s 
P(  r-i   pj   —   — 

0  «~-  «pi  '-— 

—   COCO 

Os     OC     SC     W1    «-S 

O;    C^    C-     0-    ^ 

PI  ■V  so  00  0 
OS     OC    P-     vC     S 

—  0 
PI  — 

er^  >c 

r-i    pi 

f^.   f^   fn 

1-^   p%   *^   ^'.   ^^ 

rvi   PM   Psi   pj   p^ 

PI   rsi  PI   rsi   p.! 

200 
19.0 

9.55 
6.94 

w^  *  ^  «  <o 

2g 

OS    —    «»■ 
00   00   P<-_ 

00    fn    0>    <0    PI 
so    kO    <Pl    <P>    <P> 

Os  r^   ^  PI   0 

PI  1-^  «n  f~  0 
f-s   IN  --  p  0 

_  (PI 

—  p» 

—    »>    OS    «N    PI 
<C    ^    <P)    f>t    — 

so   f 
Ok    00 

<n  r^  p 
t-  ^  55 

V   OS    "PI   —   00 

•<s  PI  0  «o   >0 

V   i->   —  0   00 

r^   00  p  PI   V 

— .    p    p    OS    00 

>o  00  o  f^     *o 


—  PI  »^  ^ 


sn^r~ooo>      o   —  Ps<<-^v      x-.'Or^ooos      o   —  pi'^t      stskci^oco      COCOe 
—    —   ——   —   —      —    —   —   —    -^      r>iPjpiPir>i      rsip^ipiPiPi      r-sn-'OPio 


^ 


^ 


(, 


1 

1 
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1.12 
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1.05 

10 

1.08 
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EXERCISE  1 
Soil  bulk  densities  randomly  selected  by  your  supervisor  from  an  unknown  soil. 

Xl 

n  = 

MEAN  =  X 

VARIANCE  =  S2  = 

STANDARD  DEVIATION  =  S  = 

STANDARD  ERROR  =   S:^  =   S/  fn  = 

COEFFICIENT  OF  VARIATION  =  CV  =  S*100/X  = 

t(.05)(n-l) 
(2  tailed)  = 

t(.10)(n-l) 
(2  tailed)  = 

1.  Enter  the  data  set  —  use  DATA-ONE 
Name  the  date  set  BULKD.DAT 
DATA-ONE  will  provide  X  and  S. 

2.  Fill  in  the  blanks  above 

Get  out  of  EPISTAT  (CTRL  and  BREAK) 

In  BASIC  enter  commands  such  as  the  following: 

PRINT  SQR(4.00);2.0/SQR(10) 

3.  Use  HISTOGRM  to  plot  the  data. 
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EXERCISE  2 

You  think  that  the  soil  in  Exercise  1  is  an  ABC.   The  ABC  soil  has  an  average 
bulk  density  of  1.14.   Is  the  mean  of  the  bulk  densities  in  Exercise  1 
significantly  different  from  1.11  at  the   <o(  =0.05  level?  At  the  o<  =-0.10 
level? 

Ho: 

Ha- 

t(0.05)(n-l)  = 
t(.10)(n-l)  = 

S/  \rn  = 

|x-l.ll!  = 
If  )x-l.l4l 

s/fn   ^t(<=<  )(n-l)   Reject  Ho 

Conclusion: 


Your  boss  thinks  that  the  soil  is  an  XYZ.   The  average  bulk  density  of  an  XYZ 
soil  is  1.05.   Is  the  mean  of  the  bulk  densities  in  Exercise  1  significantly 
different  from  1.05  at  the  q(  =  0.05  level  of  significance? 

Ho: 
Ha: 
t(.05)(n-l)   = 

S/  \r5°  = 

i  x-1.05 


If    I x-1.05. 

S/  >{n  ^     t(o(    )(n-l)      Reject  Ho 


Conclusion: 


^ 
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EXERCISE  3 


Well,  you  are  upset.   You  are  sure  that  the  bulk  density  of  that  unknown  soil  is 
higher  than  the  1.07  your  boss'  random  sample  showed.  You  diplomatically  ask 
your  boss  a  few  questions  about  her  randomization  and  selection  techniques,  and 
discover  that  her  sample  selection  was  flawed.   (You've  been  to  the  7000.1 
course  and  have  a  knowledge  about  that  sort  of  thing.) 

So... you  decide  that  another  random  sample  needs  to  be  done.  Your  boss  asks 
that  you  take  two  samples  at  each  site,  so  that  they  can  be  sent  to  two  separate 
labs,  since  she  thinks  one  reports  values  a  bit  too  high.   O.K.  ...  You 
randomize,  select  10  sites,  take  two  samples  at  each  site,  send  the  samples  to 
the  labs,  and  get  the  following  results  back. 


Results 

Point  no. 

Lab  A 

1 

1.10 

2 

1.12 

3 

1.02 

4 

1.15 

5 

1.18 

6 

1.16 

7 

1.19 

8 

1.00 

9 

1.10 

10 

1.08 

Ho: 

Ha: 

t(.05)(n- 

-1)  = 

Conclusion: 

Lab  B 


1. 

,15 

1. 

,19 

1. 

,12 

1. 

,20 

1. 

,22 

1. 

,18 

1. 

,15 

1. 

,17 

1. 

,17 

1. 

,11 

1.   Is  the  mean  bulk 
density  from  Lab  B  higher 
than  the  mean  bulk 
density  from  Lab  A  at  the 
o(  =0.05  level? 

Use  the  program:   T-TEST 
Use  the  data  file:   EX3.DAT 
Is  it  paired  or  unpaired? 
Is  it  one  or  two  tailed? 


2.   Is  the  mean  bulk  density  from  Lab  A  different  from  the  original  mean  (from 
Exercise  1)  at  the  c<.=0,05  level? 

Use  the  program:  T-TEST  Use  the  data  file:   EX3.DAT 
Is  it  paired  or  unpaired?   Is  it  one  or  two  tailed? 

Ho: 
Ha: 

t(.05)(2n-2)  = 
Conclusion: 


3.   Is  the  mean  from  Lab  A  significantly  different  from  1.14,  the  mean  bulk 
density  of  the  ABC  soil? 


Ho: 

Ha: 

t(.05)(n-l)   = 

If    |x-l.l4L 

S/yir    >t(.05)(n-l)        Reject  Ho 


Conclusion: 
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EXERCISE  4 

You  have  run  ERHYM  for  several  years  on  an  area,  and  you  feel  that  ERHYM  is 
well  validated  for  that  area.  You  think  that  there  is  a  relationship  between 
soil  moisture  at  the  end  of  April  and  the  peak  production.   If  this 
relationship  is  good  enough,  you  think  you  can  use  it  to  predict  subsequent 
years'  peak  production  by  measuring  the  soil  moisture  at  the  end  of  April. 
So... you  run  ERHYM  for  15  years  (continuous  mode)  and  obtain  the  following 
yield  indices  and  soil  moistures.   They  are  in  the  file  EX4.DAT 


<• 


Year 

Yield  Index 

Soil  Moisture 

1960 

.22 

1.30 

1961 

.14 

.85 

1962 

.47 

3.10 

1963 

.46 

4.60 

1964 

.18 

2.80 

1965 

.18 

2.40 

1966 

.46 

5.75 

1967 

.51 

4.70 

1968 

.35 

4.05 

1969 

.48 

5.25 

1970 

.37 

2.75 

1971 

.28 

3.90 

1972 

.24 

1.30 

1973 

.11 

2.10 

1974 

.06 

.90 

1.  Use  DATA-ONE  to  list  the  data  file.   Note  the  variable  names  and  sample 
numbe  rs . 

2.  Use  LNREGRES  to  transform  the  yield  index  to  pounds  per  acre.   The 
potential  production  is  750  pounds/acre.   Name  the  new  data  file  EX4l.DAT 
Again,  note  your  sample  names  and  numbers. 

3.  Use  SCATRGRM  to  plot  the  data.   (y-axis  =  yield,  x-axis  =  soil  moisture). 
Read  the  SCATRGRM  portion  of  the  manual  to  step  through  this  part.   Add  the 
regression  line.   Print  the  plot.   (Take  a  break,  the  plot  will  take  5-10 
minutes. ) 

4.  Use  LNREGRES  to  find  the  equation  of  the  regression  line,  y=mx4-b.   If  the 
April  30,  1986  soil  moisture  is  3.0  inches,  what  is  your  best  guess  at  the 
peak  production  for  1986? 

5.  Use  CORRELAT  to  compute  Pearson's  Correlation  coefficient.   This  is  r. 
What  you  want  is  r^,  the  percent  of  the  overall  variability  in  production 
explained  by  the  April  30  soil  moisture. 

6.  Is  the  relationship  "good  enough"?  If  so,  how  could  you  use  this  equation 
in  evaluating  monitoring  data? 


■( 
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EXERCISE  5 

Your  district  has  a  riparian  demonstration  project  initiated  three  years  ago. 
Three  streams  were  selected  for  the  project.  Two  were  fenced  for  a  mile,  the 
third  was  left  unfenced.  (Your  statistician  said  you  better  have  a  control). 
At  the  time  the  fences  were  put  in,  four  cross  sections  were  surveyed  on  each 
stream.  These  cross  sections  were  at  0.2,  0.4,  0.6,  and  0.8  miles  inside  the 
fence  on  Willow  and  Granite  Creeks,  and  the  same  distances  from  a  fixed  stake 
on  Birch  Creek.  These  same  cross  sections  were  re-surveyed  in  1986,  under  the 
same  runoff  conditions.  The  following  ratios  of  width  to  average  depth  were 
obtained.   All  this  is  in  the  data  file  EX5.DAT. 


Ratio  of  Width  to  Depth 


1983 

1986 

1983  -  1986 

Willow 

Granite 

Birch 

Willow 

Granite 

Birch 

Willow 

Granite 

Birch 

transect 

W1983 

G1983 

B1983 

W1983 

G1983 

B1983 

WDIF 

GDIF 

BDIF 

.2 

15.3 

27.3 

18.6 

13.1 

12.0 

19.4 

2.2 

15.3 

-0.8 

.4 

18.7 

20.8 

13.1 

8.6 

15.2 

15.0 

10.1 

5.6 

-1.9 

.6 

23.8 

15.9 

15.8 

15.2 

8.6 

16.3 

8.6 

7.3 

-0.5 

.8 

13.9 

25.7 

20.4 

7.5 

13.1 

16.8 

6.4 

12.6 

3.6 

1.   Questions: 

a.   Were  all  the  streams  the  same  in  1983? 


» 


b.   Were  all  the  streams  the  same  in  1986? 


c.   Were  the  differences  between  1983  and  1986  the  same  for  all  streams? 


d.   Did  the  unfenced  stream  change  from  1983  to  1986? 


e.   Did  the  fenced  streams  change  between  1983  and  1986' 


• 


1; 
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How  to  statistically  test  the  above  questions. 

a.  Run  one-way  ANOVA  with  samples  2,  3,  4. 

b.  Run  one-way  ANOVA  with  samples  5,  6,  7. 

c.  Run  one-way  ANOVA  with  samples  8,  9,  10. 

d.  Run  T-TEST  with  samples  4  and  7.   Yes,  they  are  paired,  but  how  many 
tails  does  it  have? 

e.  Scenario  A: 

Run  two  separate  paired  t-tests,  one  with  samples  2  and  5,  and  one 
with  samples  3  and  6.   But  when  multiple  t-tests  are  done,  the 
significance  of  the  individual  tests  decreases. 

Scenario  B: 

A  better,  and  certainly  more  powerful  if  Willow  and  Granite  Creeks  are 
no  different  both  before  and  after  follows:   Do  a  paired  t-test  with 
both  Willow  and  Granite  Creeks  combined,  so  that  d.f.  =  7. 

2.   Should  the  study  have  been  designed  differently?   Did  you  really  need 
Birch  Creek  in  the  study?  Or  should  you  have  had  two  controls  ?  Could  the 
analysis  have  been  simplified  with  a  different  design  ?  What  other  designs 
might  have  been  used? 


( 
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Answers  to  Exercises 

1.  n=10,  X=1.07,  s2=0.006,  S=0.07,  Sx=0.02,  CV=7%,  t(0.5)(9)=2.262, 
t(.10)(9)=1.833 

2.  Ho:X-1.14=0,  Ha:X-1.14^0,  t( .05)(9)=2.262,  t( . 10)(9)=1.833,  S/tn=0.02, 

|X-1.14|  =.04,  |x-1.14i /(S/v'n)=2.97  ?     2.262  and  1.833,  Conclusion:   Reject 
Ho  at  both  .05  and  .10 

3.  1.   yes,  paired,  one- tailed,  Ho:X^-X3=0,  Ha:  X^-Xb  4  0, 

t(.05)(9)=1.833 

2.  no,  unpaired,  two-tailed,  Ho:X^-Xo=0;  Ha:  X^-Xo=?0, 

t( .05)(18)=2.101,  Conclusion:   Calculated  t=1.45  and  1.45  C  2.101 
thus  fall  to  reject  Ho. 

3.  no.  Ho:  X-1.14=0,  Ha:  X-l.UfO,    t(  .05)(9)=2.262, 

1.11-1.141  /(. 063944/ /10)=. 99,  Conclusion:   .99^2.262  thus  fail  to 
reject  Ho. 

4.  4.   y=59.2X+45.0,  y=59. 2*3. 00+45. 0=222. 6  pound/acre  for  1986 

5.  r=.83,  r2=.70 

6.  the  regression  equation  is  significant  at  <  =.0001 

5.  2.   a.   Calculated  F  =  1.81  Tabled  F  2,  9,  .05  =  4.26  no  differences 

b.  Calculated  F  =  4.62  Tabled  F  2,  9,  .05  =  4.26  differences 

c.  Calculated  F  =  8.24  Tabled  F  2,  9,  .05  =  4.26  differences 

d.  Calculated  t  =  0.08,  two-tailed,  t(.05)(3)  =  3.182  no  change 

e.  A.  samples  2  and  5   t  =  3.97   t(.05)(3)  =  3.182  changed 

samples  3  and  6   t  =  4.51,  t(.05)(3)  =  3.182  changed 
B.  samples  2  and  3  vs.  samples  5  and  6   t  =  5.82,  df  =  7, 
t(.05)(7)  =  2.365,  changed 


iv; 
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^'  Statistics  Packages 
for  Micro  Computers 


Commercial 


Public  Domain 


MINITAB 

Minitab  Project 
Statistics  Department 
215  Pond  Laboratory 
Pennsylvania  State  Univ. 
University  Park,  PA  16802 
(814)  865-1595 
about  $1000 

STATPAK 

Northwest  Analytical,  Inc. 

520  N.W.  Davis  Street 

Portland,  Oregon 

(503)  224-7727 

about  $400 

SPSS 

SPSS,  Inc. 
444  North  Michigan 
Chicago,  Illinois  60611 
(312)  329-3500 

about  $800  for  basic;  more  for 
advanced  and  graphics 


EPISTAT 

available  from 

Division  of  Resources  (D-470) 

Bureau  of  Land  Management 

Building  50,  Denver  Federal  Center 

P.O.  Box  25047 

Denver,  Colorado  80225-0047 

FTS  776-0170 

(303  236-0170 

SPAK 

Send  a  blank  diskette  to 

Kimbark  McDonough 

Computer  Cartography  Lab 

North  Carolina  State  University 

Box  8007 

Raleigh,  NC  27695-8007 


^ 


^ 
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II.  Statistical  Pacleages  Available  on  the  Honeywell  DPS-8 

Statpack 

-  Activate  it  by  typing  STPK 

-  Interactive  and  easy  to  use 

-  Manual  available  from  D-200,  DFC 

-  Can  use  data  files  or  interactively  enter  data 

-  Limited  to  15  variables  and  250  cases 

SPSS  (Statistical  Package  for  the  Social  Sciences) 

-  Example  file  in  A363/SPSSCC 

-  Operates  in  BATCH  mode 

-  User  guide  is  excellent 

-  Number  of  cases  is  unlimited;  variables  limited  to  500 

-  Does  all  but  the  unusual  statistical  procedures 

SPSSX 

-  Newer,  expanded  version  of  SPSS 

-  Example  file  in  A363/SPSSXCC 

-  Operates  in  BATCH  mode 

-  Number  of  cases  is  unlimited;  variables  limited  to  500 

-  Allows  unusual,  complicated  analyses 

BMDP 

-  Example  file  in  A363/BMDPCC 

-  Operates  in  BATCH  mode 

-  Number  of  cases  is  unlimited;  variables  limited  to  500 

-  Allows  unusual,  complicated  analyses 

For  assistance  in  running  any  of  these  statistical  packages,  call  either 

Shirley  Hudson,  Statistician   or   Mike  Garratt,  Statistician 
FTS  776-0152  FTS  776-0096 

(303)  236-0152  (303)  236-0096 


><. 
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Randomized  Complete  Block 


block  =  replication 

have  units  In  blocks  as  uniform  as  possible  so  that  observed 
differences  will  be  due  to  treatment 


variation  between  blocks  is  maximized,  while  variation  within  blocks  is 
minimized 

each  treatment  occurs  the  same  number  of  times  in  each  block 

if  the  effect  of  blocks  is  significant,  the  precision  of  the  experiment 
has  been  increased  over  that  of  the  completely  randomized  design 


Line 
1 
2 
3 


Source  of  Variation 
Blocks 
Treatments 
Error 
Total 


df 

F-test 

r-1 

1/3 

t-1 

2/3 

(r-l)(t-l) 

rt-1 

more  than  one  (S)  observation  per  treatment 


Line 

Source  of  Variation 

df 

F-test 

1 

Blocks 

r-1 

1/3 

2 

Treatments 

t-1 

2/3 

3 

error 

(r-l)(t-l) 

4 

Sampling  error 

rt(s-l) 

Total 

rts-1 

B\c.c^  \ 


B\ccl^         "Bl^f-V 


I2.\cf-V  4 


i-5 


'^ 


V<v. 


Split  Plot  Designs 


whole  plots  or  units  to  which  levels  of  one  or  more  factors  are  applied 
are  divided  into  subplots  or  subunits  to  which  levels  of  one  or  more 
additional  factors  are  applied. 

frequently  used  for  factorial  experiments. 

may  incorporate  either  completely  random  or  randomized  complete  block. 

each  whole  plot  becomes  a  block  for  the  subunit  treatment. 

can  be  split  in  either  time  or  space. 

two  stage  randomization,  first  randomize  levels  of  A  over  whole  plots, 
then  levels  of  B  over  subunits. 

gives  increased  precision  for  subunit  comparisons,  but  at  a  cost  of 
lower  precision  for  whole  unit  comparisons. 

assumes  blocks  do  not  interact  with  factor  B. 

each  level  of  B  occurs  only  once  in  each  whole  plot.   Additional 
observations  on  B  become  sampling  error. 

if  there  are  no  replications,  the  effect  of  A  cannot  be  tested. 


r  =  number  of  reps  or  blocks 
a  =  levels  of  A  (whole  units) 
b  =  levels  of  B  (subunits) 


Completely  random 

line        source 

df 

F-test 

1           A 

a-1 

1/2 

2         Error(a) 

a(r-l) 

- 

Whole  Unit  Total 

ar-1 

- 

3            B 

(b-1) 

3/5 

4           AB 

(a-l)(b- 

1) 

A/5 

5        Error(b) 

a(r-l)(b- 

■1) 

- 

Subtotal 

ar(b-l) 

- 

Total 

abr-1 

I\. 


Sh. 
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n 
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i\ 

p> 

B^ 
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Randomized  complete    blocks 


line 

source 

df 

F-test 

1 

Blocks 

r-1 

1/3 

2 

A 

a-1 

2/3 

3 

Error(a) 

a(r-l) 

- 

Whole 

Unit  Total 

ar-1 

- 

4 

B 

b-1 

4/6 

5 

AB 

(a-l)(b-l) 

5/6 

6 

Error' b) 

a(r-l)(b-l) 

- 

Subtotal 

ar(b-l) 

- 

Total 

abr-1 

— 

h' 

/h 
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B. 

^^ 
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D^ 

V. , 
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X 
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r 
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Nested  Designs 


Factor  B  is  nested  under  factor  A. 

Interaction  between  A  and  B  can  never  be  evaluated 

To  Increase  precision  of  A,  Increase  levels  of  B 

Replicate  entire  experiment  to  test  for  differences  between  levels  of  B 

Years  don't  affect  the  precision  for  tests  of  either  A  or  B 


No  reps 

line 
1 
2 


source 


B  (within  A) 


df 
a-1 

a(b-l) 


No  reps,  several  years 

line  source 

1  A 

2  B   (within  A) 

3  years 

4  Ax  years 

5  B    (within  A)   x  years 


F-test 
1/2 


df 
a-1 
a(b-l) 
y-1 
(a-l)(y-l) 
a(b-l)(y-l) 


F-test 

1/2 

3/5 
3/5 


q 
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SOV^^t"   0  ^- 


c\%\^,     t)-1' 
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reps 

line 
1 
2 
3 


source  df 

A  a-1 

B  (within  A)  a(b-l) 

Error  (AB)  ab(r-l) 
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1/2 
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REPLICATION  IN  GRAZING  STUDIES  -  WHY  BOTHER? 
John  W.  Walker  and  Edgar  W.  Richardson 


ABSTRACT:   Random  sampling  of  experimental 
units  from  a  larger  population  of  interest, 
random  assignment  of  grazing  treatments  to 
experimental  units  and  replication  are  the 
components  of  experimental  design  that  allow 
the  results  of  grazing  trials  to  be 
unambiguously  attributed  to  the  imposed 
treatments  and  inferred  to  a  larger 
population.   An  experimental  unit  is  the  unit 
of  material  to  which  one  application  of  a 
treatment  is  applied.   In  grazing  management 
research  the  experimental  unit  consists  of 
the  pasture  and  herd  to  which  a  grazing 
system  is  applied  as  a  whole.   The  sources  of 
variation  associated  with  the  analysis  of 
grazing  systems  research  are  presented.   The 
implication  of  these  sources  of  variation  on 
the  interpretation  and  extension  of  results 
are  discussed.   We  recommend  that  when 
presenting  the  results  from  non-replicated 
grazing  experiments  scientists  should  clearly 
state  the  limitations  on  the  interpretation 
and  extension  of  their  data. 


INTRODUCTION 

A  well  designed  grazing  experiment  should 
compare  grazing  management  systems  in  such  a 
way  that  any  differences  observed  in  the 
responses  being  measured  can  be  unambiguously 
attributed  to  the  effect  of  the  different 
management  systems  and  not  to  any  other 
source  of  variation.   The  study  should  also 
allow  the  researcher  to  infer  that  the 
differences  observed  under  controlled 
conditions  would  also  be  seen  in  some  larger 
population  of  which  the  experimental  units 
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are  a  representative  sample.   Such  a  study 
would  allow  one  to  conclude' that  livestock 
producers  and  other  scientists  could  obtain 
similar  results  using  similar  techniques.   In 
our  opinion,  the  manner  in  which  grazing 
systems  research  often  is  conducted  does  not 
permit  either  an  unambiguous  assessment  of 
the  cause  of  the  observed  differences  nor  the 
statistical  inference  of  the  observed  effects 
to  a  population  larger  than  the  particular 
set  of  pastures  and  herds  used  in  the  study. 

Early  literature  pertaining  to  experimental 
design  of  grazing  studies  recognized  the 
importance  of  proper  replication  (Peterson 
and  Lucas  1960,  Hilmon  et  al.  1962).   More 
recently,  after  another  20  years  of 
experience  with  the  replication  vs.  resource 
constraints  dilemma,  some  authors  have  been 
more  supportive  of  the  usefulness  of  non- 
replicated  studies  (Dahl  1982).   Also,  as 
discussed  later,  non-replicated  studies  have 
become  quite  common.  Non-replicated 
experiments  are  also  common  in  field  studies 
in  other  biological  disciplines  (Connell 
1974,  Eberhardt  1976).    Hurlbert  (1984) 
considered  ecological  studies  in  general  and 
noted  that  the  "most  common  type  of 
controlled  experiment  in  field  ecology 
involves  a  single  replicate  per  treatment. 
This  is  neither  surprising  nor  bad. 
Replication  is  impossible  when  very  large 
scale  systems  are  studied". 

In  this  paper  we  hope  to  relate  some  of  the 
basic  concepts  of  experimental  design  to 
grazing  systems  research  and  to  suggest 
compromises  that  may  yield  more  sound  results 
in  spite  of  the  logistical  difficulties 
inherent  in  such  research.   Our  purpose  is 
not  to  criticize  any  particular  study  or  non- 
replicated  experiments  in  general.   Rather 
the  objectives  are  to  clarify  what  the 
experimental  unit  is  in  grazing  systems 
research,  to  understand  why  replication  is 
important  and  to  suggest  appropriate 
reporting  and  analysis  procedures  for  non- 
replicated  experiments. 
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EXPERIMENTAL  UNITS  IN  GRAZING  SYSTEMS 
RESEARCH 

Steel  and  Torrie  (1980)  state  that  an 
"experimental  unit  or  experimental  plot  is 
the  unit  of  material  to  which  one  application 
of  a  treatment  is  applied".   In  experiments 
in  which  the  treatments  being  applied  are 
grazing  management  systems  (GMSs)  the 
experimental  unit  or  plot  consists  of  a  piece 
of  land  (a  pasture)  and  a  group  of  animals  (a 
herd).   In  some  GMSs  pastures  and/or  herds 
are  divided  into  paddocks  and  subherds, 
respectively,  but  the  management  system  is 
not  applied  to  individual  paddocks  nor  to 
individual  subherds  nor  to  individual 
animals.   It  is  applied  to  the  pasture+herd 
unit  as  a  whole  and  it  is  at  this  level  that 
values  to  compare  GMSs  should  be  calculated. 

Pasture+herd  units  will  always  perform 
somewhat  differently  even  though  they  may 
seem  to  be  quite  similar.   Two  pastures 
matched  as  closely  as  possible  with  respect 
to  size,  species  composition  and  forage 
production  and  stocked  with  the  same  number 
of  phenotypically  and  genotypically  matched 
animals  will  not  perform  exactly  the  same 
even  if  they  are  both  grazed  under  the  same 
management  system.   The  change  in  their 
pertormancfc  over  time  also  will  not  bt 
exactly  the  same.   Variability  such  as  this 
is  inherent  to  all  experimental  material, 
especially  biological  systems.   It  is 
controlled  for  in  three  ways:   random 
assignment  of  treatments  to  experimental 
units,  random  sampling  of  experimental  units 
from  the  population  for  which  recommendations 
are  desired,  and  replication. 

Random  assignment  of  GMSs  to  pasture+herd 
units  ensures  that  the  differences  in 
performance  inherent  to  these  units  does  not 
systematically  bias  the  evaluation  of  the 
management  systems.   This  seems  to  be  well 
understood  and  commonly  practiced. 

Random  sampling  of  experimental  units  from 
the  population  of  producers'  pasture+herd 
units  in  the  region  for  which  recommendations 
are  desired  is  not  practiced.   No  small  set 
of  pasture+herd  units  can  exactly  represent  a 
population  of  such  units  spread  over  a  large 
geographic  area  but  random  sampling  would 
guarantee  that  a  sample  was  (statistically) 
representative.   Grazing  system  experiments 
are,  however,  usually  carried  out  on  federal 
or  state  experiment  stations.   This  is 
logistically  necessary  but  the  pastures  and 
livestock  on  these  stations  are  often  less 
.  variable  than  those  found  in  the  area  as  a 
whole.   This  is  good  for  experimental  work  in 
that  the  experimental  error  will  be 
relatively  less  but  by  the  same  token  the 
applicability  of  the  resulting 


recommendations  is  also  less.   Cornfield  and 
Tukey  (1956)  point  out  that  non-statistical 
inftrenn  of  the  results  of  such  research  to 
a  broader  population  can  be  justified  based 
on  the  scientist's  knowledge  of  the  research 
topic.   This  issue  is,  however,  beyond  the 
scope  of  the  present  paper.   The  reader  is 
referred  to  Morton  and  Ridgeman  (1977)  for 
further  discussion. 


REPLICATION  IN  GRAZING  MANAGEMENT  STUDIES 

Any  time  a  treatment  is  applied  to  more  than 
one  experimental  unit  that  treatment  is  said 
to  be  replicated.   As  mentioned  above,  a 
pasture  and  a  herd  together  make  up  the  unit 
to  which  a  GMS  is  applied.   Within  a 
pasture+herd  unit,  measurements  are  usually 
recorded  for  individual  animals,  subherds, 
paddocks  or  quadrats  randomly  placed  within  a 
paddock.   These  units  (individual  animals, 
subherds,  paddocks  and  quadrats)  are  sampling 
units  used  to  collect  the  measurements  which 
are  then  used  to  compute  an  average  value  for 
the  pasture+herd  unit.   This  one  value  is  the 
response  for  the  entire  unit.   Variation 
between  the  sampled  values  represents 
sampling  error,  not  experimental  error,  since 
all  of  the  animals,  subherds,  quadrats  and 
paddock?  within  a  single  pasture+herd  unit 
were  subjected  to  the  same  application  of  a 
GMS.   This  sampling  error  tells  us  nothing  " 
about  the  variability  of  the  responses  we  can 
expect  when  the  same  GMS  is  applied  to  other 
pasture+herd  units  either  on  the  experiment 
station  or  elsewhere. 


Experimental  Error 

The  variability  in  the  responses  of  different 
pasture+herd  units  grazed  under  the  same 
management  system  is  the  experimental  error. 
Steel  and  Torrie  (1980)  state  that  this 
"variation  comes  from  two  main  sources. 
First,  there  is  the  inherent  variability  that 
exists  in  the  experimental  material  to  which 
the  treatments  are  applied.   Second,  there  is 
the  variation  which  results  from  any  lack  in 
uniformity  in  the  physical  conduct  of  the 
experiment".   "Lack  in  uniformity"  in  the 
application  of  a  GMS  to  several  pasture+herd 
units  is  due  in  part  to  limitations  of  time 
and  personnel.   Movement  of  animals  through  a 
rotational  system  is  usually  done  one  unit  at 
a  time.   Equipment  breakdowns  or  adverse 
weather  can  delay  the  application  of 
management  practices  such  as  feeding,  moving 
or  treating  animals  or  mowing  or  fertilizing 
pastures.   Lack  of  uniformity  in  the 
Implementation  of  a  GMS  on  several 
pasture+herd  units  tends  to  increase  the 
experimental  error  but  it  also  makes  for  a 
more  realistic  assessment  of  the  variability 
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to  be  expected  araong  producers  using  the 
system. 

The  other  source  of  experimental  error, 
variability  inherent  to  pasture+herd  units," 
was  discussed  earlier.   This  variability  can 
be  observed  directly  when  several  units  are 
grazed  under  the  same  management  system. 
When  each  pasture+herd  unit  is  grazed  under  a 
different  system  it  is  impossible  to  observe 
the  inherent  unit-to-unit  variability 
directly.    The  units  vary  in  their 
responses,  but  it  is  not  clear  whether  this 
is  because  they  are  different  pastures  and 
herds  or  because  they  were  grazed  under 
different  management  systems.   It  is  certain, 
however,  that  the  inherent  variability  of  the 
units  is  not  "turned  off"  simply  because 
different  grazing  systems  are  used.   It  is 
expressed  but  is  confounded  with  the  grazing 
system  effect. 


Testing  For  Grazing  System  Effects 

In  order  to  unambiguously  test  for  a  grazing 
system  effect  we  need  estimates  of  two 
quantities  which  differ  only  with  respect  to 
this  effect,  if  it  exists,  and  which  do  not 
differ  at  all  if  it  does  not  exist.   By 
ruling  ovt    unlikely  occurrences,  we  can  then 
say  that  a  significant  difference  between  the 
two  estimates  indicates  that  there  is  a 
grazing  system  effect.   The  treatment  mean 
square  and  the  experimental  error  provide  us 
with  two  such  estimators. 

Consider,  for  example,  an  experiment 
comparing  a  continuous  grazing  system  and  a 
short  duration  grazing  system.   Suppose  that 
there  are  three  pasture+herd  units  (40 
animals  per  herd)  grazed  under  each  system 
and  assume  for  the  moment  that  measurements 
are  taken  only  once  (at  the  end  of  the  first 
year,  for  example).   If  the  assignment  of 
pasture+herd  units  to  grazing  systems  is 
completely  randomized  then  the  model  for 
analyzing  an  animal  characteristic  such  as 
average  daily  gain  is: 

X-.,    =   p+G.   +  P(G)    +  A(GP) 
^Jl^  ^        j(i)      k(ij) 

Table   1.   —  Expected  mean  squares  for  a  completely 

pastures  per  treatment. 


where : 

X.  .,  =  average  daily  gain 

U    *  overall  mean 

G  .  =  i  -th  treatment  effect,  i  =  1,2 
1  '       ' 

P(G  )     =  effect  due  to  being  in   the   j  -th 
J  (i)   pasture+herd  under  treatment  i, 
i  -  1,2.   j  -.1,  2,  3 

A(GP)j.  Q.->=  k -th  animal  effect  in  the 
j  -th  pasture+herd  under 
treatment  i,  i  =  1,2. 
j  =  1,2,3. 
k  =  1,  ... ,  40. 

The  true  overall  mean  p  and  the  treatment 
effects  Gl  and  G2  are  fixed  (but  unknown) 
values.   The  pasture+herd  effect  is  random 
with  mean  value  zero  and  variance  Op  .    The 
animal  effect  is  also  random  with  mean  zero 
and  variance  o^  .   The  expected  mean  squares 
are  shown  in  table  1. 

Comparing  the  expected  mean  squares  for  G  and 
P(G)  we  see  that  the  variation  caused  by  the 
different  grazing  systems  [i.e.,  (3)(40) 
(Gi+G?)]  is  the  only  term  in  G  that  is  not 
in  P(G).   Thus,  a  significant  result  of  an  F- 
test  of  the  G  mean  square  using  the  P(G)  mean 
square  as  the  error  term  must  be  due  to  this 
grazing  system  term,  i.e.,  a  significant 
difference  between  treatment  means  can  be 
unambiguously  attributed  to  the  difference 
between  grazing  systems. 

Suppose  now  that  the  experiment  has  no 
replicaton.   There  are  still  two  treatments 
and  40  animals  per  pasture+herd  unit  but  only 
two  units.   One  unit  is  randomly  assigned  to 
one  grazing  system  and  the  other  unit  is 
assigned  to  the  other.   The  only  change  in 
the  model  given  above  is  that  the  subscript  j 
now  takes  only  the  single  value  1.   The 
expected  mean  squares  are  shown  in  table  2. 

With  only  one  pasture+herd  unit  per  treatment 

we  have  no  way  of  calculating  the  P(G)  mean 

square  which  estimates  o?  +40  o^.  The  term  40  o^ 

A      p  p 

randomized  design  with  3 


Source 

G 

P(G) 
A(GP) 


2-1 

(2)(3-l) 

(2)(3)(40-I) 


df 


1 


4 

234 

2  39 


Expected  Mean  Square  (EMS) 
o^+40a^+(3)  (40)  (-^^j )  (Cj+G^) 


o^+40g^ 
A    p 


W^ 
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Tabic  2.  —    Expected  mean  squares  for  a  non-replicated  experiment 


i 


Source 

df 

G 

2-1 

= 

1 

P(G) 

(2)(1-1) 

= 

0 

A(GP) 

(2)(1)(40t1)' 

=     ■ 

78 
79 

Expected  Mean  Squares  (EMS) 


o. 


is  still  present  in  the  treatment  EMS 
reminding  us  that  we  expect  some  difference 
between  randomly  chosen  pasture+herd  units 
even  if  they  are  treated  exactly  alike. 

A  significant  F-ratio  of  the  G  mean  square 
to  the  A(GP)  mean  square  is  a  valid  test 
telling  us  that  the  variation  observed 
between  treatments  is  greater  than  the 
average  variation  of  animals  within 
treatments.   However,  it  does  not  allow  us  to 
determine  the  cause  of  the  greater  variation 
in  the  treatment  mean  square.   This  is 
indicated  by  examining  the  expected  mean 
squares  for  G  and  A(GP).   The.,  EMS  for  G_ 
contains  2  terms  [(i.e.,  40  ^p    and  40(G^+  Gp] 
in  addition  to  the  component  ol   which  is 
common  to  bofh  G  and  A(GP).   Thus  we  can  not 
unambigously  determine  whether  the 
significant  F-test  is  due  to  the  grazing 
system  effect,  G  i+  Gj,  or  to  variability  of 
the  pasture+herd  units,   o   ,  or  to  some 
combination  of  the  two  effects. 


where ; 


Years  as  Replicates 

It  is  sometimes  suggested  that  observations 
can  be  taken  on  pastures  over  the  course  of 
several  years  and  then  years  can  be  used  as 
replicates,  thus  avoiding  the  need  for  true 
replication.   One  problem  with  this  approach 
is  the  correlation  that  exists  between 
observations  taken  on  the  same  pasture  over 
years.   For  present  purposes,  we  are  willing 
to  assume  that  this  correlation  is 
negligible.   (However,  see  Gill  (1977).)  An 
objection  that  is  more  relevant  to  the 
present  discussion  is  the  fact  that  this 
approach  also  does  not  provide  a  valid  test 
of  the  treatment  effect  when  each  grazing 
system  is  applied  to  only  one  pasture+herd 
unit  (Petersen  and  Lucas,  1960).   In  order  to 
see  this,  let  us  assume  that  we  have  four 
years  of  data  from  the  replicated  experiment 
discussed  above.  The  model  is: 


^jkl 


=  U    +  G,. 
+   P(G>Y 


j(i)k 


P(G).  ...         +  Y, 
n^A(GPY)    ^ 


GY., 

ik 


Y  =  effect  of    the   k  -th    year, 

k  =   1,    2,    3,    4 


GY 


ik 


P(G)*Y 


j(i)k 


A(GPY). 


l(ijk) 


=  the  interaction  of  years  and 

=  the  interaction  of  years  and 
pasture+herd  variability 
within  treatments 

=  the  variability  among   animals 
within  the  jth  pasture  under 
the  ith  treatment  during  the 
kth  year 


and  all  other  terms  are  as  before.   Also  as 
before,  the  true  overall  mean  y   and  the 
treatment  effects  Gl  and  G2  are  fixed  but 
unknown  values.   All  of  the  other  effects  are 
random  with  mean  values  zero.   Their 
variances  are: 


Random  Effect 


Variance 


P(G) 

Y 

GY 

P(G)*Y 

A(GPY) 

^GY 

„2 


GPY 

2 


The  expected  mean  squares  are  shown  in 
table  3. 

There  is  no  obvious  error  term  for  testing 
the  grazing  system  effect  480(Gi+G2  ). 
However,  if  we  add  the  EMSs  for  P(G)  and  GY 
and  then  subtract  the  EMS  for  P(G)*Y  the 
result  is: 

a^+40o^p^.+  (3)  (40)o^Y+(^)  (AO)o^. 

The  only  difference  between  this  expression 
and  the  EMS  for  G  is  the  grazing  system 


Kijk) 
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Table  3.   —   Expected  mean  squares  for  a  completely  randomized  design  with  3 

pastures  per  treatment  conducted  over  4  years. 


Source 

df 

G 

2-1 

1 

P(G) 

(2)(3-l) 

-       4 

Y 

A-1 

3 

GY 

(2-l)(4-l) 

3 

P(G)*Y 

(2)(3-l)(4-l) 

=      12 

A(GPY) 

(2)(3)(4)(40-l) 

=  936 

959 


Expected  Mean  Squares  (EMS) 


ot+^Oa 


A^^^^GPY""^^^  (AO)o^Y+(^>(^0)  V(3)  (4)  (40)  ^a_^)  (Gt+G^) 
^l+^0o^PY+(4)(40)o^ 


^A+^o^aPY 


+  (2)(3)(40)a2  ■• 


^I^'^^^GPY-'^^^^^O^^GY 


effect.   Thus,  if  we  add  the  mean  squares  for 
P(G)  and  GY  and  then  subtract  the  mean  square 
for  P(G)*Y  the  result  can  be  used  as  the 
error  term  in  a  pseudo  F-test  of  G.   This 
test  will  be  an  unambiguous  test  of  the 
grazing  system  effect  480(Gi-l-G2)  •   See  Hicks 
(1973)  for  the  method  and  the  adjusted 
degrees  of  freedom. 

If  there  was  only  one  pasture+herd  unit  per 
grazing  system  then  the  expected  mean  squares 
are  as  shown  in  table  4. 

Since  we  do  not  have  a  P(G)  nor  a  P(G)*Y  mean 
square  there  Is  no  pseudo  F-test  as  above.   A 
significant  F-ratio  of  the  G  mean  square  to 
the  GY  mean  square  is  a  valid  test.   However, 
as  before  it  does  not  tell  us  unambiguously 
whether  the  larger  G  mean  square  is  due  to 
the  variability  of  the  pasture+herd  units 
(i.e.,  160Cfp)  or  to  the  grazing  system  effect 
160(G?+Gi). 


DISCUSSION 

When  a  grazing  study  is  designed  biological 
relevance  and  statistical  validity  are 
considered.   Range  scientists  generally 
understand  the  biological  implications  of  an 
experimental  design  better  than  the 
statistical  implications.   Therefore,  more 
concern  is  often  given  to  designing  the 
bioiogical  aspect  of  an  experiment  than  the 
statistical  aspect.   This  is  justified  since  • 
if  the  biological  model  does  not  mimic  the 
biological  system  to  which  experimental 
results  are  to  be  extended,  then  statistical 
validity  is  meaningless.   The    design  of  the 
grazing  study  determines  which  of  the 
conclusions  derived  from  the  data  must  be 
accepted  on  faith  and  which  are  unambiguously 
supported  by  statistical  theory.   In 
discussing  a  non-replicated  yield  trial 
comparing  two  treatments  Fisher  (1951)  stated 
that 


Table  4.  — 


Expected  mean  squares  for  a  non-replicated  experiment  conducted 
over  4  years. 


Source 

G 

P(G) 

Y 

GY 

P(G)*Y 

A(GPY) 


2-1 

(2)(1-1) 

4-1 

(2-l)(4-l) 

(2)(1-1)(4-1) 

(2)(1)(4)(40-1) 


df        Expected  Mean  Square  (EMS) 

1   o|+40o^pY+(^)  (^0)^gy"^(^)  (^O)oj+(1)  (4)  (40)  (-^-^)  (G^+G^') 


0 
3 
3 

0 
312 


0^+4 Oo^ 


GPY 

2 


+(2)(l)(40)a^ 


"r^°^GPY-^(^>(^0)^GY 


319 
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"If  ...  the  difference  in  yield 
appeared  large  to  the  experimenters 
they  might  argue  that  so  large  a 
difference  could  not  reasonably  be 
ascribed  to  a  difference  in  soil 
fertility,  since  it  was  contrary  to 
their  experience  that  neighbouring 
plots  treated  alike  should  differ  so 
greatly.  To  enforce  this  argument . they 
would  in  fact  have  to  claim  that  their 
past  experience  had  already  furnished  a 
basis  for  the  estimation  of  error, 
which  could  be  applied  with  confidence 
to  the  circumstances  of  the  experiment 
under  discussion.  Even  if  this  claim 
could  be  granted  the  experiment  would 
carry  with  it  the  serious  disadvantage 
that  it  would  no  longer  be  self- 
contained,  but  would  depend  for  its 
interpretation  from  experience 
previously  gathered.  It  could  no 
longer  be  expected  to  carry  conviction 
to  others  lacking  this  supplementary 
experience. " 

Although  replication  is  required  in  order  to 
arrive  at  unambiguous  conclusions  regarding 
teatment  effects,  95%  of  the  grazing  studies 
published  in  the  Journal  of  Range  Management 
since  1980  were  not  replicated.   These 
studies  were  analyzed  using  the  sampling 
error  as  if  it  were  experimental  error  and, 
with  a  few  exceptions,  the  results  of  the 
analyses  and  p-values  were  reported  as  if  the 
cause  of  the  observed  differences  could  be 
unambiguously  attributed  to  the  treatments 
imposed  and  inference  could  be  made  to  a 
larger  population.   We  hope  that  it  is 
obvious  from  the  previous  discussion  that 
such  inferences  are  not  statistically  valid. 

Two  of  the  reasons  why  replication  is  so  rare 
in  grazing  systems  research  appear  to  be  1)  a 
misunderstanding  of  what  replication  is,  and 
2)  logistical  limitations.   It  is  not 
surprising  that  there  is  confusion  concerning 
experimental  units  and  replication  in  grazing 
systems  research.   Most  statistics  texts 
treat  the  subject  of  experimental  units 
superficially.   Furthermore,  the  experimental 
units  of  examples  used  in  most  statistics 
texts  are  more  similar  to  a  subsample,  at 
least  in  the  physical  sense,  than  to  the 
experimental  unit  in  grazing  research. 
Literature  that  has  addressed  sources  of 
variation  and  control  of  this  variation  in 
grazing  research  has  generally  investigated 
the  problem  at  the  level  of  the  subsample 
(e.g.  Matches  1969,  Holechek  and  Vavra  1983). 
Although  sampling  error  is  an  important 
issue,  greater  attention  given  sampling  error 
compared  to  experimental  error  may  have 
confused  some  persons  as  to  the  correct  error 
term  for  testing  treatment  effects.   Finally, 


there  appears  to  bo  some  confusion  between 
replication  and  duplication.   Duplication  of 
experimental  units  in  grazing  research  is 
impossible  since  no  two  pastures  or  herds 
perform  exactly  alike.   However,  replication 
does  not  imply  duplication.   It  is  because  we 
cannot  duplicate  that  we  must  replicate  in 
order  to  obtain  unambiguous  results. 

Resource  limitations  usually  are  more 
important  than  any  other  factor  in 
determining  an  experimental  design. 
Statisticians  live  in  a  world  where  all 
samples  are  infinite  or  nearly  so;  the  world 
of  the  range  scientist  is  finite  and  usually 
enclosed  by  a  barb  wire  fence.   Because  of 
this  restriciton  resources  should  be 
allocated  in  an  optimal  manner.   The  location 
of  fences  and  existing  pastures  is  sometimes 
a  barrier  to  optimal  experimental  design. 
With  the  recent  improvement  of  relatively  low 
cost  electrical  fences  attitudes  that 
restrict  grazing  research  to  existing 
pastures  should  be  questioned. 

The  optimal  size  of  a  pasture+herd  unit  for 
grazing  research  is  primarily  a  biological 
question.   The  size  will  vary  depending  on 
the  hypothesis  under  consideration.   We 
believe  thnt  in  graring  svptem? 
investigations  on  rangelands  the  size  of  the 
pasture+herd  unit  is  either  explicitly  or 
implicitly  a  part  of  the  hypothesis.   For 
example,  if  increased  production  from  some 
grazing  systems  may  be  related  to  greater 
efficiency  of  harvest  that  is  at  least  in 
part  related  to  livestock  distribution 
(Heitschmidt  and  Walker  1983)  then 
pasture+herd  units  must  be  of  sufficient  size 
to  create  distribution  problems  that  may  be 
ameliorated  by  one  grazing  system  compared  to 
another.   However,  if  the  question  involves  a 
specific  process  that  is  to  be  studied  at  a 
high  level  of  resolution  (e.g.,  the  effect  of 
grazing  pressure  on  organic  matter  intake) 
then  the  size  of  the  pasture+herd  unit  should 
be  determined  by  the  minimum  amount  of  land 
and  animals  necessary  to  estimate  parameters 
at  a  desired  level  of  precision.   Estimates 
of  variances  and  consequent  sample  sizes  have 
been  made  for  various  production  parameters 
(Johnson  and  Laycock  1962,  Matches,  1969)  diet 
quality  and  composition  (Obioha  et  al.  1972, 
Holechek  and  Vavra  1983)  and  forage  intake 
(Cordova  et  al.  1978).   The  smallest 
pasture+herd  unit  that  will  provide  an 
adequate  biological  model  and  the  desired 
level  of  precision  for  estimating  response 
variables  is  the  optimal  size  for  an 
experimental  unit  in  grazing  studies.   In 
general,  as  many  of  these  experimental  units 
as  are  feasible  should  be  established. 
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In  discussing  the  analysis  and  presentation 
of  the  results  of  non-replicated  studies, 
Hurlbert  (1984)  suggested  that  only  means, 
standard  deviations  and  sample  sizes  be 
presented  and  commented  that  "if  we  know  the 
precise  details  of  [a  non-replicated 
experiment],  we  most  likely  could  find 
grounds  for  subjectively  appraising  whether 
there  was  a  treatment  effect  and,  if  so,  how 
great  a  one.   Common  sense,  biological 
knowledge,  and  intuition  should  be  applied  to 
that  task;  inferential  statistics  should  not 
be  used".   We  take  a  slightly  less 
conservative  approach.   We  are  convinced  that 
scientists  will  (correctly)  continue  to  use 
inferential  statistics  as  a  subjective  tool 
in  evaluating  their  non-replicated 
experiments.   We  agree  with  Dahl  (1982)  that 
non-replicated  studies  yield  "much  useful 
information  on  animal  response  to  grazing 
management"  and  that  in  such  trials 
"replication  in  time  (over  two  or  more  years) 
has  provided  good  insight  ...  to  treatment 
response".   We  do  recommend,  however,  that 
non-replicated  studies  be  labeled  as  such  and 
that  the  limitations  of  any  inference 
(statistical  or  otherwise)  be  clearly  stated. 

Other  approaches  should  also  be  considered. 
If  it  is  decided  that  replication  is 
impossible  and  yet  a  non-replicated 
experiment  is  deemed  preferable  to  no 
experiment  at  all  then  approximate  methods  of 
obtaining  an  estimate  of  the  true 
experimental  error  should  be  investigated. 
Petersen  and  Lucas  (I960)  studied  this  issue 
but  they  considered  only  small  improved 
pastures.   Using  data  from  previous  grazing 
studies  they  estimated  the  experimental  error 
to  be  expected  in  future  trials  and  were  thus 
able  to  determine  the  number  of  replicates 
needed  in  future  experiments.   The 
application  of  their  method  to  production- 
scale  units  on  rangelands  should  be 
investigated.    Another  possibility   is   to 
combine  the  data  from  separate  non-replicated 
studies   done  at  several  locations.    Cochran 
and  Cox  (1957)  discuss  this  approach. 


experiment  should  be  considered  the  design  of 
last  resort.  Third,  when  logistic  and 
economic  constraints  prevent  us  from 
replicating  our  treatments  let  us  not  report 
our  results  as  if  we  had. 
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CONCLUSIONS 

We   hope   that  this   paper  has   accomplished 
three   things.   First,   we  hope  the   reader 
understands  that  an  experimental  unit  is   the 
physical  entity  to  which  a  treatment  is 
independently  applied.   In  grazing  systems 
research  the  experimental  unit  is  all  of  the 
land  and  livestock  to  which  a  grazing  system 
is  applied.   Second,  experimental  units  must 
be  replicated  if  we  are  to  design  grazing 
experiments  in  such  a  way  that  they  will 
produce  unambiguous  results  which  can  be  of 
use  to  the  rest  of  the  world.   Despite  the 
fact  that  replication  is  difficult  in  grazing 
systems  research  the  non-replicated 
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THE  USE  OF  REPEATED  MEASUREMENT  DESIGNS  IN  FIELD  STUDIES 
Richard  M.  Engeman,  Debra  Easi  Palmquist  and  Lyman  L.  McDonald 


ABSTRACT:  The  use  of  repeated  measurement 
designs  is  illustrated  for  the  comparison  of 
grazing  systems  over  a  period  of  years. 
Additional  examples  are  given  to  illustrate 
the  potential  use  of  these  designs  in  a  wide 
variety  of  field  studies. 


INTRODUCTION 

Studies  in  range  science  frequently  measure 
each  member  of  a  group(s)  of  experimental 
units  under  differing  "treatment"  conditions, 
including  time.  For  example,  the  effects  of 
grazing  systems  on  pastures  might  be  compared 
over  time.  A  number  of  pastures  (experimen- 
tal units)  would  be  assigned  to  each  grazing 
system.  Then  each  pasture  in  each  grazing 
system  would  be  measured  (subsampled)  at  the 
same  desigriotec  poinis  in  time.   Thus,  ignor- 
ing the  measurement  problems  for  the  present, 
we  are  faced  with  two  levels  of  experimental 
units,  the  larger  experimental  units  (pas- 
tures) which  are  "split"  into  smaller  units 
(time  intervals).  Because  each  of  the  larger 
units  in  a  grazing  system  is  repeatedly 
measured  under  differing  experimental  condi- 
tions (time),  these  experiments  are  fre- 
quently referred  to  as  repeated  measures 
experiments.  The  factor  over  which  the 
experimental  units  are  measured  does-^ubt 
have  to  be  time;  however,  time  most  fre- 
quently is  the  factor  with  repeated  measures. 

A  second  complicating  aspect  of  field  studies 
and  particularly  studies  of  grazing  systems 
is  the  difficulty  of  measuring  the 
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attribute(s)  of  interest  on  pastures,  the 
larger  experimental  units.  Sub  samp  ling  of 
pastures  by  use  of  macroplots,  transects, 
quadrats  or  even  individual  plants  requires 
careful  attention  to  obtain  both  efficient 
design  and  correct  analysis.  This  problem 
is  addressed  indirectly  throughout  the  paper 
and  in  more  detail  in  the  discussion  section. 

In  repeated  measures  studies,  the  repeated 
measures  on  an  experimental  unit  are  likely 
to  be  more  closely  related  with  each  other 
than  to  those  of  the  other  experimental 
units.  This  relationship  must  be  accounted 
for  during  data  analysis.   In  addition  to 
the  usual  univariate  analysis  of  variance 
(ANOVA)  assumptions  of  normality  of  data, 
homogeneity  of  variances  and  the  independ- 
ence of  the  experimental  u'-its,  it  is  also 
requireo  that  me  covariance  struciure  nave 
compound  symmetry.  Compound  symmetry  exists 
when  the  variance  is  constant  over  all 
observations  and  the  correlation  between  any 
two  observations  in  time  is  also  a  constant. 
Thus,  the  covariance  matrix  between  observa- 
tions appears  as: 


1  p  p 

p  1  p 
p  p  1  ■ 

•  •  p 

•  •  p 

•  p 

p  p  p  ' 

•  1_ 

The  purpose  of  this  paper  is  to  give  an 
introduction  to  the  design,  analysis  and 
proper  inferences  for  repeated  measures 
experiments.  The  most  common  designs  will 
be  described  along  with  their  analyses, 
assuming  compound  symmetry  holds.   Problems 
with  assumptions,  alternate  analyses,  and 
more  complicated  designs  will  be  briefly 
discussed  and  referenced.   Two  general 
references  for  additional  information  on 
repeated  measures  designs  are  Winer  (1971) 
and  Mil  liken  and  Johnson  (1984). 


SINGLE  FACTOR  EXPERIMENTS 

As  a  first  example,  consider  a  single  factor 
repeated  measures  experiment  which  arose  as  a 
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.      ,   «f   ;.   la'ot  studv  tle!,ici"<?=  to  evaluate 

n'^H^'IndTtthrend  0      '4e  cycles  of  the 
Tr^^nrsyfterg^ing  Hse  to  these  d.t. 


Beginning 


1 
2 
3 
4 
5 


3.7 

3.1 
5.6 
4.4 
3.7 


End 

0.7 
0.8 
0.7 
2.5 
1.2 


-t."a;s^::cr..!;^;t:-  y  >.iie. 

analyzed  after  app  y^ng  the  vananii^^ 
lizing  transformation,  a''"^'^/*  ^  ^      enough 
and  assuming  that  te  quad    te;^J^  e^^^g 
apart  to  be  statistically  inot^  variance 

Source  of 
variation 


Between  quadrats 
Within  quadrats 

Treatments   (Time) 
Residual . 


n-l.r-"4 


Total 


nk-1  =  9 


-  ^f  Ltrwik    the  "within  quadrats" 
m  the  jargon  of  ANOVA,  tne 

the  repeated  measurements  over  J^^ 

r,„d  A  degrees  of  freedom,     ^-J]-'^^^'^ 

■   is   significant   at  me  r  „  ^,„  pncc 

tr    thP  inference  that  coverage  by  PUbA 

i-r  Er  rtrtrair;;?,rs.-.iest 


example  i 
with   k    = 
equal  to 
t-statist 
no  change 
Possible 
would  be 
(subjecti 
scope  of 


f   a  reoeated  measurements  design 
2   tw.rp^^ods.    the   F-slatistic   is 
the  square  of   the   "paired 
ic"  for  testing  the  hypothesis  ot 

in  the  cover  by  POSA  over  time, 
reasons  for  the  observed  change 
the  result  of  further  deductive 
ve)  arguments  which  are  beyond  the 
the  present  paper. 


In  the  second  example,  the  {j^j^^^^    ^^^^ 
Dhenology  of  squaw  currant  (Ribes  cereum; 
Safstudied  in  a  homogeneous  area  under  a 
Qiven  grizing  system.     Ten  plants   (n  =10) 
^  e   randorr,!?  selected   and,   beginning  w  th 
rh^nn^Pt  Of  berry  production,   counts  of 
the  onset  ot  uci.j  v  plants  were  made 

berries  on  each  of  the  lU  piani-s  "^'/^         . 
week  y  (on  the  same  day  of  the  week     for  k 
r^eks      The  abbreviated  ANOVA  table  is 
given  by: 


Source 

Between  plants 

Within  plants 
Times 
Residual 


"total 


df 

n-1  =     9 

n-lUk-l)    '  63 


nk-1  = 


The  F-statistic  with  7  and  63  df    is   useo   to_ 

It  the  hypothesis  of  no  change   inj^  an 

berry  count  over  time  during  the  8-week 

period. 

As  a  third  example,  consider  a  study  of  the 

fooS  habits  of  mule. deer  (ggcoileus 

hemionus)   in  a  Pa'^^^^"^^^  .^^^'f 'lected  from 
7,\  DP  nit  groups  were  randomly  ^e  lectea  i  iv 
IL  area  at  a  given  point  in  time  and  the 

^  fLnc  nf  k  =  5  food  sources  were 

proportions  of  k       b  too  ^^^  ^^^^ 

measured  for  each  P^  "^^J  .."oiit"   into  five 
units,  pellet  groups.  *'e'^^.  ^^     ^Jrates 

rhrtlfe^whrrrreUrtirmelsurllentrfr 
TeLu^o  rrfac?or  other   than  ^^J^^^^ 
this  example,  the  proportion  o\a  sixin  to 
Source  was  dropped  from  the  analysis  to 

the  food  sources  is  as  follows. 


Source 

Between  pellet  groups 
Within  pellet  grou£s 
Food  sources 


df 


Residual 


Total 


n-1  =  49 

_ln^liik4L_l_196 
nk-1  =  249   . 
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The    analyticel   forrr  of   thr  single  factor 
repealed  measures  experiment   is   identical   to 
other  forms  of  ANOVA.     If  the  words  "pellet 
groups"   in  the  above  table  were  changed  to 
"blocks,"   then  the  table  would  be   identical 
to  that  for  analysis  of  a  randomized  complete 
block  design.     Simultaneous  multiple  compari- 
son procedures  can  be  applied  to  compare  the 
levels  of  the  treatment  factor  (e.^.,  time  or 
food  sources)  when  a  significant  difference 
Is  indicated  by  the  overall  F-test  In  the 
ANOVA  (Winer,   1971). 

The  relatively  simple  analysis  for  the 
single  factor  repeated  measures  experiment 
also  has  nonparametric  analogs.     For  ranked 
data,  Friedman's  test  for  a  two-way  layout 
is  appropriate.     This  test  is  described  in 
many  statistics  books,   including  Winer 
(1971).     A  thorough  description   is  found  in 
Hollander  and  Wolfe   (1973).     Cochran's  Q 
(Winer,   1971)  provides  a  test  where  the 
measurements  yield  dichotomous  data  (that 
is,   each  measurement  on  each  unit  can  be 
written  as  0  or  1). 


TWO  FACTOR  EXPERIMENTS  WITH  REPEATED  MEASURES 

Consider    an  extension  of   the  first  examp'ie   in 
the  single  factor  experiments.     Suppose  it  is 
of  interest  to  compare  the  effect  of  the 
rest-rotation  grazing  system  on  coverage  by 
POSA  in  p  =  4  "macroplots"  selected  to  repre- 
sent 4  different  vegetation  types  (study 
areas)  within  the  pasture.     Five  (=  n) 
permanent  quadrats   (i.e.,  experimental   units) 
were  randomly  located  in  each  macroplot,   and 
coverage  by  POSA  was  measured  on  each  unit 
every  third  year  for  9  years.     This  yielded 
q  «  3  cover  values  for  each  unit.       //". 

As  before,   the  lines  for  "between  units"  and 
"within   units"   in  the  abbreviated  ANOVA  table 
are  included  for  the  reader  to  see  their  rel- 
ative contributions,  but  are  not  necessary 
for  presenting  analytical  results.     A 
thorough  description  of  this  model  is  found 
in  Chapter  7  of  Winer  (1971),  whose  notation 
is  used  below: 


Source 


df 


Between   units   (transects)         np-1   =  19 

A  (macroplots)                                 p-1  =  3 

Units    in  A                                   p(n-l)    =  16 

Within   units   (transects)     np(q-l)   =  40 

B  (times)                                          q-1  =  2 

BA                                          (q-l)(p-l)   =  6 

B  X  Units    in  A p(n-l)(q-l)    =  3? 


Tht   mear   squared  residual   Units- in-Kacropl ots 
is   the  divisor   for    tht   F-tesl   comparing  the 
effects  of  different  Macroplots   (A)  while 
the  Times  x  Units-in-Macroplots   is  the 
appropriate  divisor   for   F-tests  comparing  the 
effects  of  Time  (B)   and  for  the  existence  of 
a  Time-by-Macroplot   (BA)    interaction. 

Statistical  inferences  are  limited  to  the 
four  fixed  macroplots  (study  areas)  selected 
by  the  experimenter.     If  the  pasture  is 
stratified  into  four  homogeneous  vegetation 
types  and  macroplots   are  randomly  sampled 
from  each  stratum,   then   inferences   from 
strata  comparisons   apply  only  to  that 
pasture.     More  general   inferences  could 
validly  be  made  if  a  set  of  pastures  were 
randomly  selected  for  study. 

For  the  second  example,  consider  a  study  of 
the  effects  of  competition  by  naturally 
occurring  brush  on  a  given  grass  species. 
Sixteen  plots  were  randomly  selected  and 
sectioned  off   in  the  study  area.      Into  each 
of  these  plots,   two  plants  of  the  grass 
species  were  planted  so  that  they  were 
surrounded  by  a  ring  of  naturally  occurring 
brush.      In  n  =  8  of  the  plots,   this  outside 
ring  of   b'"ush  was   removed.      FactO''  A   is 
referrec   to   as    '  corr.pe: i tion,"  wnn  v   '   '- 
levels,  control    (no  brush  removal)   and    •• 
treatment   (brush  removal).     Live  basal   area 
covered  by  the  plants  was  measured  each  year 
for  q  =  6  years,  factor  B.     Since  measure- 
ments of  the  same  plants  in  the  same  plots 
were  taken  over  time,  assume  that  a 
repeated-measures  analysis  is  appropriate. 
Because  the  primary  experimental   unit   is   a 
plot  with  two  plants,   the  analysis   is  con- 
ducted on  the  average  cover  of  the  plants   in 
each  plot.     Recording  cover  values  for  the 
individual  plants  does  not  change  the 
appropriate  analysis   indicated  below   (see 
the  discussion  section): 


Source 


df 


Between  plots 

np-1  =  15 

A  (competition) 

p-1  = 

1 

Plots  in  A 

P(n-l)  = 

14 

Within  plots 

np(q-l)  =  80 

B  (times) 

q-1  = 

5 

A  X  B 

(p-l)(q-l)  = 

5 

B  X  plots  in  A 

p(n-l)(q-i)  = 

70 

Total 


npq-1   =  95 


Total 


npq-1   =  59 


As  a  third  example  consider  a  study  to  com- 
pare the  acceptance  of  bait   by  Columbian 
ground  squif-rels   (Spermoph  ilus  columbi  anus) 
for   three   levels  of    an   anticoagjlant   toxi- 
cant   (factor  A).      Because   the   toxicant  may 
induce   illness  or   produce   an  aversive 
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response    in  the   animals,   one  would  expect 
they  might  eat   less   through  time   and  there- 
fore may  not  receive  a  lethal  dose.     Thus, 
measurement  of  consumption  over  time   (factor 
B)    is  of   interest.     The  experimental  design 
for  this  study  consisted  of  randomly  assign- 
ing n  «  10  animals  to  each  of  the  p  =  3 
treatment  groups:     control  bait  (no 
toxicant)*  50  ppm  toxicant*  and  100  pptn 
toxicant.     The  animals  were  In  Individual 
cages  and  the  amount  of  bait  consumed  was 
measured  for  each  ground  squirrel  on  q  ■  3 
consecutive  days. 

Thus,   time   (days)  was  the  factor  for  which 
repeated  measures  were  taken.     For 
simplicity's  sake,  the  animals  are  assumed 
to  be  assigned  to  treatment  groups  according 
to  weight  class  and  to  be  of  the  same  sex, 
thus   avoiding  the  effects  of  sex  and  weight 
on  consumption.     The  source  of  variation  and 
degrees  of  freedom  columns  from  the  ANOVA 
table  for  analyzing  data  from  this 
experiment  are  shown  below: 


Source 


df 


Between  animals 
To xi  cant  ( A) 
Animals   in  A 

Within  animals 
Days  (B) 
AB 
B  X  Animals  in  A 


np-1   =  29 

p-1   =  2 

p;n-ij    -  11 
np(q-l)   =  60 

q-1     =  2 

(q.l)(p.l)  =  4 

p(n-l)(q>l)   =  54 


Total 


npq-1  =  89 


5 


If  all  observations  were  independent,  i.e., 
if  different  experimental   animals  were  used 
across  all   levels  of  B  in  addition  to  A^ 
then  the  Animals-in-A  and  B  x  Animals.-Mft-A 
terms  in  the  above  table  would  be  combined 
into  one  term.  Animals  in  BA.     This  is  the 
usual   two-factor  factorial   ANOVA.     This 
model   would  have  npq  different  experimental 
units  whereas  the  two  factor  repeated 
measures  model  has  np  units,  each  measured  q 
times. 

It  is  also  interesting  to  note  that  if  the 
Units-in-A  are  considered  plots  and  the 
units  can  be  divided  such  that  the  levels  of 
B  can  be  randomly  assigned  to  the  divisions 
of  the  unit,   then  the  design   is  the 
traditional  split  plot  design.     In  repeated 
measures  designs   the   levels  of  B  (e.g.,   the 
levels  of  time)  cannot  be  randomly  assigned 
to  each  of  the  units.     The  analysis  of  a 
split  plot  experiment  will   frequently  apply 
to  the  data  from  a  repeated  measures   experi- 
ment.    However,    it   is   possible  that  the  error 
structure  from  a  repeated  measures   experiment 
does  not  fit  the  assumptions  of  split  plot 


analysis.     Milliken   and   Johnson   (1984)   pro- 
vide   a  discussion  of    this   point    in   their 
chapter   26. 


THREE   FACTOR 
MEASUREMENTS 


EXPERIMENTS  WITH  REPEATED 


The  first  example  is  a  generalization  of  the 
study  of  grazing  systems  where  repeated 
observations  are  made  over  time.     Four 
pastures  were  available  and  p  >  2  grazing 
systems  (factor  A)  were  each  randomly 
assigned  to  n  =  2  pastures.     The  pastures 
were  stratified   into  q  =  5  homogeneous 
vegetation  types   (factor  B)  and  25  randomly 
located  permanent  subsampling  units  were 
obtained  in  each  stratum  of  each  pasture. 
An  attribute  of  interest  (e.g.,  cover  by  a 
certain  grass  species)  was  measured  on  each 
unit  at  r  =  3  times   (factor  C):     years,   3,   6 
and  9  of  the  study. 

The  example  is  more  realistic  than  before 
and   is  becoming  more  complex.     There  are 
four  sizes  of  experimental  units:     pastures, 
vegetation  types  within  pastures,  time 
periods,   and  subsampling  units   (transects, 
quadrats,   plants,   etc.).      The  subsampling 
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(without  altering  the  ANOVA  results  on  the 
effects  of  interest)  by  averaging  (totaling) 
the  response  over  the  25  values  obtained  in 
each  of  the  npqr  =  60  cases  on  the  other 
factors.     The  appropriate  ANOVA  can  then  be 
obtained  by  an  analysis  of  these  means. 

Because  the  vegetation  types  cannot  be 
randomly  assigned  to  sections  of  a  pasture 
as  in  a  split-plot  design,  the  vegetation 
types  are  considered  "repeated  observations" 
on  a  pasture.     This  yields  one  factor,  graz- 
ing systems,  randomly  assigned  to  the  primary 
experimental  units   (pastures)   and  repeated 
observations  on  two  factors   (vegetation  type 
and  time).     Also,   considering  vegetation 
types  as  repeated  measures   is  similar  to  the 
consideration  of  proportions  of  food  sources 
as  repeated  measures  in  the  mule  deer  food 
habits  example.     The  abbreviated  ANOVA  table 
has  four  residual  error  terms  for  testing 
the  various  hypotheses  of   interest: 
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Soj'-cf 


d< 


t  - 


Grazing  Systems 
Pastures  in  A 

Within  pastu'-es 
Vegetation 


(A) 


types  (B) 
AB 

B  X  pastures  in  A 
Tines  (C) 
AC 

C  X  pastures  In  A 
BC 
ABC 


"Tp^ 

P(n-1 

n£i£r-l)= 

(q-1) 

(P-I)(q-1) 

P(n-l){q-l) 

.  (r-l) 

(p-n(r-l) 

(p.l){q-l)(r-l)  = 


56 


1 
2 

4 
4 
8 
2 
2 
4 
8 
8 


BC  X  pastures   in  A  p(n-l) (q-1) (r-l)    =  16 


Total 


fipqr-l  «  59 


Pastures-in-A  is  the  error  term  for  the 
F-test  comparing  main  effects  of  Grazing 
Systems   (A).      Similarly,    B  x  Pastures-in-A 
is   the  error  tenr.  for  the  F-tests  for  B  and 
AB  effects,  C  x  Pastures-in-A  is  the  error 
term  for  the  F-tests  for  C  and  AC  effects. 
and  BC  x  Pastures-in-A  is  the  error  term  for 
the  F-tests  for  BC  and  ABC  effects. 

These  data  are  balanced  in  the  above  example. 
This  may  not   be  the   case   in  practice   if: 
CO-.--    ^^   t  ^•'    v-'-'^*'^'   tvr'f?    d'   '■■'■'    f  ■>  ■• :  *    ^  "■ 
sonit    0*    ITic    pciLijrcS,    0"'    1*    iHc    rciP^r.it 
(e.g.,   cover)   is  not  measured  on  all  pastures 
in  the  same  years.     Such  variations  will 
greatly  increase  the  complexity  of  the  analy- 
sis, and  in  fact  an  appropriate  statistical 
analysis  may  not  exist.     The  experimenter  is 
encouraged  to  consider  if  an  appropriate 
analysis  exists  before  conducting  an  experi- 
ment.    A  problem  of  less  serious  consequence 
arises   if   some  of  the  permanent  siiJsampling 
units  (e.g.,  quadrats)  are  lost  or  destroyed. 
In  this  case,   if  data  from  remaining-^'its 
are  averaged  and  included  in  the  analysis  as 
before,   an  acceptable  approximation  should 
result. 

Note  that   if  there  were  only  n  =  1  replica- 
tion of  each  grazing  system,  ne  have  n-1  =  0 
and  therefore  0  degrees  of  freedom  for  the 
error  terms  in  the  above  ANOVA  table  and  no 
statistical   comparisons  are  possible.     In  the 
above  discussion  it  is  assumed  that  each  of 
the  vegetation  types  within  each  pasture  is 
■randomly  subsampled"  by  appropriate  units 
(macroplots,   transects,   quadrats,  plants, 
etc.).     The  assumption  of  random  sampling 
can  usually  be  relaxed  to  allow  systematic 
sampling  with  random  starting  rules   if  there 
is   uniform  coverage  over  the  vegetation  type 
and  the  subunits   are  "far  enough  apart"  to 
be  considered  statistically  independent.      In 
sone   studie:    it  rav   not   be   praclicol   to 
randorrily  sample  tht    vegetation  types.      In 


this   case   representative   "macroplots"   are 
oftpr   sut  je:  ti  v6 1.\    selected   ir  each   veqeta- 
tior.  typ't   >»ur, ui  each  pasture,   thtr.   tht 
macroplots  are  subsampled  by  appropriate 
methods.     Exactly  the  same  analysis  as  given 
above  can  be  conducted  for   this  case;   how- 
ever,  the  statistical    inferences   are   limited 
to  the  selected  macroplotTl     Inferences  con- 
cerning  the  effects  of  nonreplicated  grazing 
systems  or  extrtpoUtlon  beyond  subjectively 
selected  aacroplots  are  4(b'duct1ve 
(subjective)  and  are  the  iole  responsibility 
of  the  experimenter. 

The  words  "vegetation  types"  are  intended  to 
be  generic.     Specific  applications  might  be 
made  to  comminity  types,  range  sites,  soil 
types,  disturbed  sites  vs.  undisturbed  sites, 
etc.    Also,  the  same  analysis  would  apply  to 
other  attributes  of  interest  such  as  plant 
density  (number  per  unit  area),   frequency  of 
occurrence,  biomass  per  unit  area,  etc. 

for  the  second  example,  consider  an  expansion 
of  the  squaw  currant   study.     The  fruiting 
phenology  was  studied  for  p  =  2  habitat  types 
(A),  rocky  outcrops  versus  open  meadow. 
Also,  the  fruiting  phenology  was  compared 
over  q  =  2  consecutive  years   (B).     Ten  plants 

ricL'itc.'..    tyj-i    c't    trie    stari   ot    trie    stj^j.      nt 
the  initiation  of  berry  production  in  each 
year,  berry  counts  were  made  on  a  weekly 
basis  for  r  =  8  weeks  (C).     The  source  of 
variation  and  degrees  of  freedom  columns  for 
the  ANOVA  table  are  as  follows: 


Source 


df 


Between  plants 

Habitats  (A) 

Plants  in  A 
Within  plants 

Years  (B) 

AB 

B  x  pi  ants   in  A 

Weeks  (Cj 

AC 

C  x  plants  in  A 

BC 

ABC 


np-1  =     19 

p-1  =       1 
p(n-l)  '    18 
np(qr-l)   »  300 
q-1  ' 


(P-I)(q-1)  =       1 

p(n-l)(q-l)  =     18 

(r-lj  =       7 

(p-l)(r-l)  =       7 

p(n-l)(r-l)  •  126 

(q-l)(r.l)  -      7 

(p-l)(q-l)(r-l)  =       7 

BC  X  plants   in  A  p(n-l)(q-l)(r-l)  '  126 


Total 


npqr-1  »  319 


This  design  is  also  a  three-factor  repeated 
measures  with  repeated  observations  on  two 
factors   (Years  and  Weeks).     The  appropriate 
F-tests  are  formed  as   in  the  previous 
example. 

In  the    third   exar:,ple,    consider    ar.   e>.ter:sion 
of   tne  mule  deer  food  habits  study  where 
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^) 


repeated  observations  were  taken  on  only  one 
factor,  namely  the  r  =  5  proportions  of  food 
sou>'ces  fc  a  givcri  pallet  g-'ou;:  .  It  was  of 
interest  to  compare  food  habits  of  mule  deer 
and  domestic  sheep  (Ovis  aries)  (i.e.,  p  *  2 
species)  during  a  summer  grazing  period  for 
q  =  3  years. 

During  each  summer  of  each  of  the  3  years, 
n  «  50  fresh  pellet  groups  (units)  were 
randomly  collected  from  the  study  area  from 
each  species  and  the  proportional  contribu- 
tion of  the  same  five  food  sources  given 
earlier  was  measured.  Note  that  sunnier 
periods  do  not  involve  "repeated  measure- 
ments" on  the  same  pellet  groups.  New 
samples  of  pellet  groups  were  randomly 
selected  for  each  period  and  only  the  r  =  5 
proportions  were  "repeated"  on  each  group. 
Thus,  summer  periods  are  a  typical  fixed 
effects  term  in  the  model  for  ANOVA. 

The  source  of  variation  and  degree  of 
freedom  columns  for  the  ANOVA  table  would 
appear  as  follows: 


Source 


df 


Between  pellet  groups 

Species  (A, ^ 

Per-ioas  ^E; 

AB 

Groups  in  AB 
Within  pellet  groups 

Food  sources  (C) 

AC 

BC 

ABC 


npq-1  =  299 

P-1  = 


1 


q--  ^ 


(p-l){q-i) 
pq(n-l) 


=   2 
=  294 
1200 
4 
4 


r^rv 

(P-I)(r-1)  = 
(q-l)(r-l)  =   8 
(p-l)(q-l)(r-l)  =   8 
C  X  groups  in  AB    pq(n-l)(r-l)  =  1176 


Total 


npqr-l  =  1499  . 


"% 


The  Species,  Period,  and  Species  x  Period 
effects  are  tested  using  Pellet  6roups-in- 
Species  x  Period  as  the  error  term  in  the 
three  F-tests.   Similarly,  the  main  effects 
of  the  food  sources  and  its  interactions  are 
tested  using  the  Food  Source  x  Pellet  Groups 
in  Species  x  Period  term  as  the  error  term 
in  those  F-tests. 

Note  that  if  there  were  n  different 
independent  experimental  units  in  each  of 
the  pqr  treatment  combinations  of  ABC,  then 
this  model  would  become  the  usual  three 
factor  factorial  model  with  only  one  error 
term. 

As  the  number  of  factors  increase,  the  models 
become  progressively  more  complicated.  A 
four  factor  repeated  measures  design  can 
have  repeated  observations  on  one,  two,  or 
three  factors  and  the  corresponding  ANOVA 


tables  contain  two,  four,  or  eight  error 
terms,  respectively.   For  example,  assume 
several  sptcies  of  grass  a^e   of  interest  in 
the  study  of  grazing  systems.   These  result- 
ing data  might  be  analyzed  under  a  four 
factor  design  with  grazing  systems,  the 
first  factor,  randomly  assigned  to  pastures 
and  "repeated  observations"  on  three  factors: 
vegetation  types,  grass  species,  and  time. 
For  more  on  complicated  designs  and  unbal- 
anced cases  see  Winer  (1971)  or  Mil  liken  and 
Johnson  (1984). 


OTHER  ANALYTICAL  CONSIDERATIONS 

To  this  point,  the  discussion  has  been  con- 
cerned with  the  standard  repeated  measures 
designs  with  balanced  data  and  the  usual 
hypothesis  tests  where  the  compound  symmetry 
assumption  is  not  questioned.  In  this 
section  we  briefly  discuss  other  analytical 
considerations.  Detailed  discussions  of 
these  topics  are  beyond  the  scope  of  this 
paper,  but  the  reader  should  be  aware  of 
them.  We  direct  the  reader  to  sources  of 
further  information. 

Frequently,  the  number  of  experimental  units 
varies  among  the  groups  of  a  multi -factor 
repeated  measLi»'es  desigr..   Tms  coulc  be  due 
to  many  unintentional  causes  such  as  death 
of  a  subject  (unit)  or  unequal  availability 
of  experimental  material.  An  unbalanced 
design  could  be  intentional  to  reflect  the 
proportion  of  the  number  of  units  in  each 
strata  of  their  general  population. 
Depending  on  the  reason  for  the  unbalanced 
structure  of  the  data,  there  are  alternate 
methods  of  calculating  the  sums  of  squares 
(e.g.,  least  squares  vs.  unweighted  analyses) 
for  the  ANOVA  table.  Winer  (1971)  presents 
a  section  on  unequal  group  sizes  in  chapter  7 
where  the  unweighted  and  least  squares 
approaches  are  discussed  and  compared. 
Milliken  and  Johnson  (1984)  also  go  into 
detail  for  the  unbalanced  case  in  their 
chapter  28.  There,  they  discuss  approaching 
the  problem  using  a  general  linear  model 
procedure  in  a  computer  package. 

A  topic  of  interest  to  the  investigator  is 
often  the  comparison  of  means  within  an 
effect.  These  could  be  specific  a  priori 
comparisons  of  interest  or  a  general  search 
for  the  particular  means  causing  an  effect 
to  be  "significant,"  Many  times  when  the 
repeated  factor  is  time,  the  investigator 
will  want  to  look  for  the  most  appropriate 
model  of  trend  among  the  time  points  for  the 
measured  variable.  Methods  for  determining 
the  most  appropriate  trend  model  are 
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discussed   in  chapters   4  and   7  of  Winer    (1971) 
and  chapter  26  of  Milliken  and  Johnson 
{]9b^].      Multiple  comparisons   on  the  means 
in  significant  effects   are  also  discussed   in 
these  chapters.     Mi  Hi  ken  and  Johnson  (1984) 
also  go   into  detail   for  testing  trends  and 
multiple  comparisons   in  the  unbalanced  case 
in  chapter  2b. 

A  potential  proble»n  faced  by  investigators 
using  repeated  measures  desigrrs  Is  that,  in 
addition  to  the  usual  ANOVA  assun4)tions»  the 
assumption  that  the  covariance  structure  has 
a  compound  symnetry  form  ma^y  not  hold.     Box 
(1950,   1954)  suggested  a  test  for  the 
hypothesis  that  compound  symmetry  holds   and 
developed  a  conservative  test  to  apply  when 
compound  symnetry  is  rejected.     This  test 
may  be  uri necessarily  conservative  but 
performs  well  with  a  further  complicated 
adjustment  on  the  degrees  of  freedom   (Collier 
et  al.,   1967).     Greenhouse  and  Geisser   (1959) 
suggest  a  three  step  approach  to  analyzing 
data  where  compound  symnetry  may  not  hold. 
This  algorithm,  described  in  chapter  27  of 
Milliken  and  Johnson   (1984)   is  briefly: 


1. 


2. 


Test  using  the  usual  degrees  of 
freedom.     If  this  test  is 

nonsignificant,   stop  because  the 

^c-'ustec*  dt a''eps   cf  ■f^rtedo"   t?sts 
are  more  conservative   ana  will   also 
be  nonsignificant. 

If  the  usual  test  is  significant, 
apply  Box's  conservative  test.     If 
that  test  is  also  significant,  stop 
because  it  is  the  most  conservative 
test  and  further  adjustment  will 
also  result  in  significance. 

If  the  usual  F-test  is  significant, 
but  Box's  conservative  test  isTTvot, 
then  the  complicated  adjustment  to 
the  degrees  of  freedom  should  be 

performed. 


Milliken  and  Johnson   (1984)   also  describe 
how  this  three  step  procedure  can  be  applied 
to  tests  on  trends  and  multiple  comparisons. 

When  time  is  the  repeated  factor  in  a 
repeated  measures  design,   the  observational 
errors  can  frequently  be  related  through 
time  by  an  auto-regressive  covariance 
structure.     The  covariance  structure  with  a 
first-order  autoregressi ve  process   and  t-time 
points,   in  contrast  to  compound  symnetry, 
appears  as 
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Although  the  complicated  adjustment  to  the 
F-test  discussed  above  is  still  effective  In 
this  case,  special  methods  for  handling  this 
covariance  structure  that  are  more  powerful 
are  described  in  chapter  27  of  Milliken  and 
Johnson   (1984). 

Finally,   if  one  is  unwilling  to  assume  the 
compound  symmetry  covariance  structure  nor 
apply  the  adjustments  to  the  F-tests,  then 
one  can  take  a  multivariate  approach  to  data 
analyses.     The  "multiple  variables"  are  the 
repeated  measurements  made  on  each  unit. 
The  multivariate  approach   is  the  most 
general,   but   is    less   powerful    if   compound 
symmetry  really  exists.     A  good  discussion 
of  the  multivariate  approach  to  repeated 
measures  experiments  can  be  found  in  chapter 
31  of  Milliken  and  Johnson   (1984). 


DISCUSSION   AND  SAMPLING  CONSIDERATIONS    IN 

GRAZING   STUDIES 

The  sampling  design   in  a  particular  study 
dictates  the  type  of  analyses  that  can  be 
performed  and  the  extent  to  which  inferences 
can  be  made.     Often  the  inferences  are  not 
as  broad  as  intended,  or  the  correct  analyses 
may  not  have  as  much  power   (degrees  of 
freedom)  as  appears  on  the  surface.     Using 
examples,  each  of  these  problems   is 
illustrated  and  discussed. 

Consider  a  study  to  compare  the  effect  of  two 
grazing  systems  on  cover  by  grasses.     Two 
"similar"  pastures   are  selected  and  assigned 

at   random  to  the  grazing  systems.     Within 
each   pasture   10  quadrats   are  randomly 
selected  and  each  quadrat   is  measured   in 
July  of  each  of  5  years.     This  can  be 
analyzed  as  a  two  factor  repeated  measures 
design  with  the  following  ANOVA  table. 


Source 


df 


Between  quadrats 

Pasture  (grazing  system) 

Quadrats  in  pasture 
Within  quadrats 

Years 

Years  x  pasture 

Years   x  quadrats   in  pasture 


19 


80 


1 
18 

4 
4 

72 


Total 


99 
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that    thf    ane  lysis    indicates 


a  differ 


« 


A' '  J"" 

erict    between   pastyts.     A  desired   TntererfCf 
is  that  the  different  grazing  systems  result 
in  a  difference  in  grass  cover.     However, 
only  one   pasture   per   grazing  system  was  used. 
Therefore,    any  differences  between  the  graz- 
ing systems   cannot   be  distinguished  from  any 
inherent  pretreatment  differences  that  may 
exist  between  the  pastures.    Multiple 
pastures  in  each  treatment  are  needed  before 
statistical   inferences  from  the  analyses 
could  imply  a  general  effect  to  pastures 
from  the  treatment.     Although  an  adequate 
sample  may  be  available  for  comparing  the 
two  pastures,   the  only  valid  statistical 
inference  is  to  the  two  specific  pastures 
and  not  beyond . 

Next  consider   a  study  where  inferences  are 
not   the  problem,    but  the  appropriate  error 
term  and  associated  degrees  of  freedom  are. 
Three  levels  of   intensity  of  grazing  by 
horses   (Equus  caballus)   are  to  be  studied  by 
taking  a  measure  of  plant  cover.     Two 
pastures  are  randomly  assigned  to  each  level 
of  grazing  intensity.     Twenty  quadrats  are 
randomly  placed  within  each  pasture.     These 
quadrats   are  measured  each  month  from  April 
th'-oup'^   Septerribe" .      Again  this    is   e   two 
factor   rcpediec  riicc^  j' cs   dciig:i,   i^'~   v.  : ',  a' 
extra  level  of  nesting,   i.e.,  quadrats  in 
pastures.     The  ANOVA  table  could  appear  as 


Source 


df 


Treatments  2 

Pastures  in  treatments  3 

Quadrats  in  pastures  114 

Months  ..  5 

Months  X  treatments  ^"10 

Months  X  pastures  in  treatments      15 

Months  X  quadrats  in  pastures 570 


Total 


719 


The  appropriate  error  term  for  the  F-test  on 
Treatment  effect  is  Pastures-in-Treatments 
and  the  appropriate  error  term  for  the  F-test 
on  Months   and  Months   x  Treatments   interaction 
is  Months  x  Pastures-in-Treatments.     The 
F-test  for  Treatment  has  two  degrees  of 
freedom  in  the  numerator  and  three  in  the 
denominator.      The  F-tests  for  Months   and 
Months  X  Treatments  have  5  and  10  degrees  of 
freedom  in  the  numerator,   respectively,    and 
15  in  the  denominator.     The   114  degrees  of 
freedom  for  Quadrats-in-Pastures   and  the   570 
degrees  of  freedom  for  Months  x  Quadrats-in- 
Pastures   do   not   increase  the  power  of  tests 
on  the  effects   of    interest.     The  tests  on 
these  effects  would  be  numerically  identical 
if   the   20   values  from  each  quadrat   in  each 


month  were   averaged  and  the   usual   two  factor 
repeated  measures    analysis   applied  to  this 
data  set  of   3d  means    (versus   7'c'o  inoi vidua  1 
values).     If  enough  pastures  are  available, 
then  the  experimental   effort  might   be  more 
efficiently  applied  to  more  pastures  with 
fewer  quadrats  per   pasture.     This  would 
increase  the  power   (number  of  degrees  of 
freedom)  for  the  tests  of  interest.     Even  if 
more  pastures  are  not  available,  but  the  ones 
used  are  reasonably  homogeneous,  then  the 
study  might  be  done  more  economically  with 
fewer  quadrats  per  pasture.     Subsampling  the 
primary  experimental   units  and  thus  collect- 
ing "more  data"   does   not   necessarily  increase 
the  sensitivity  of  the  tests.     If  subsamples 
are  to  be  taken,  then  the  number  needed  is 
only  enough  to  arrive  at  a  representative 
measurement  for  the  primary  sample  (i.e., 
reduce  the  measurement  error  to  an   acceptable 
level).      Further   subsampling   is   unlikely  to 
benefit  the  analyses. 
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THE  LIGHTER  SIDE  OF  STATISTICS 

Statistical  analysis  is  one  of  those  processes  that  many  field  offices  are 
using,  are  curious  about,  would  like  to  use,  or  are  trying  to  avoid.   In  all 
seriousness,  statistics  remind  many  people  of  the  old  saying  "liars  figure  and 
figures  lie."  Believe  it  or  not,  statistics  do  have  a  place  la  BLM. 

Principles  of  statistics  are  often  used  in  private  industry.  Most  people, 
if  they  are  going  to  invest  a  large  amount  of  time  and  scarce  dollars,  will 
not  take  a  chance  on  something  if  they  have  a  greater  than  50  percent  chance 
(odds)  of  being  wrong.   If  they  do  take  a  chance  at  those  odds,  they  are 
considered  crazy.   If  they  succeed,  they  are  brillant  and  have  a  lot  of  luck. 

The  taxpayers'  inventory  and  monitoring  program  is  very  similar  to 
investing  in  private  industry  except  taxpayers  never  want  a  large  amount  of 
time  and  money  invested  in  something  if  there  is  a  50  percent  or  greater 
chance  of  being  wrong.   Since  bureaucrats  are  never  called  brilliant  and  are 
usually  thought  of  as  crazy,  we  cannot  operate  with  a  50  percent  or  greater 
chance  of  being  wrong.   So  we  have  statistics,  and  thus  mathematicians, 
statisticians,  and  biometricians  to  baffle  and  confuse  everyone,  and  to 
calculate  our  chances  of  success  and  accuracy. 

Statistics  tell  us  the  probability  of  success  and  let  us  know  how  con- 
fident we  can  feel  about  a  value  we  have  measured.   The  basic  principles  of 
statistics  have  made  many  casino  operators  rich  men  and  have  provided  millions 
of  dollars  to  Nevada's  education  system.   (New  Jersey  does  not  count  since  it 
is  not  in  the  "real"  West.)  The  "odds"  are  in  favor  of  the  casino  at  all 
times. 

Now  that  we  recognize  the  value  of  statistics,  we  can  evaluate  the 
reliability  of  the  inventory  and  monitoring  program,  calculate  how  confident 
we  are  about  the  results  of  our  work,  and  maybe  avoid  losing  our  hard-earned 
money  next  time  we  visit  Reno,  Las  Vegas,  or  Panaca,  Nevada. 

The  first  objective  of  statistics  is  to  place  a  range  of  values  about  a 
measured  value  (percent  cover,  production,  etc.)  and  to  state  how  confident  we 
are  (e.g.,  80  percent  or  90  percent)  that  the  true  value  for  that  study  sample 
is  within  that  range.   Statisticians  call  this  calculating  a  confidence 
interval.   The  second  objective  is  to  pick  a  range  of  values  around  the  mean, 
expressed  as  +  some  percentage  of  the  mean  (statisticians  say  precision,  and 
that  +  is  read  plus  or  minus);  pick  a  level  of  confidence;  and  then  figure  out 
how  many  samples  we  need  to  obtain  that  level  of  precision  at  that  confidence. 
See,  statistical  language  isn't  completely  confusing.   The  third  objective  is 
to  evaluate  the  statistical  significance  of  change  that  has  occurred  on  a  site 
or  study  over  time. 

Statistical  terms  that  will  be  used  are  mean  (average),  precision, 
variance,  standard  deviation,  coefficient  of  variation,  and  confidence 
interval.   All  you  have  to  do  is  calculate  them;  I'll  tell  you  how  to  use 
them.   To  make  things  easy,  we  are  going  to  use  a  cookbook  approach. 


Now  is  a  good  time  to  get  a  pencil,  a  big  erase;  (or  calculator  with  a 
y~~  key  on  it),  a  cup  of  coffee  (to  prevent  sudden  drowsiness)  or  another 
refreshment,  and  two  aspirins  if  mathematics  gives  you  headaches.  Avoid 
alcoholic  beverages'.  While  you  are  up,  grab  an  inventory  or  monitoring  file 
and  take  out  the  data  for  one  study.  If  you  do  not  have  a  file  handy,  pull  an 
example  of  density,  frequency,  production,  or  coverAfrom  Appendices  !»  2,  3, 
or  4.  1  will  mark  your  spot  while  you  are  gone^^— -*^~V^ 

The  first  thing  we  have  to  determine  is  what  type  of  study  you  have  chosen 
to  analyze o   If  it  is  cover,  density »  or  production,  you  have  to  go  to  Part  A; 
and  if  it  is  frequency,  go  to  Part  Be  After  you  have  mastered  Parts  A,  B,  and 
C  (if  you  end  up  in  C  we  are  in  trouble),  you  can  use  Part  D  to  learn  how  to 
detect  the  statistical  significance  of  any  change. 

Part  A  -=  Cover,  Density,  or  Production 

Please  answer  the  following  question:  Did  you  (or  somebody  else)  use  more 
than  one  hoop,  plot,  or  frame  of  uniform  size  to  gather  the  cover,  density,  or 
production  data;  and  are  the  data  recorded  plot  by  plot? 

If  your  answer  is  no,  then  you  are  unable  to  continue  further  at  least 
using  Part  A.   Go  to  Section  C  for  further  instructions  and  suggestions.   If 
your  answer  is  yes,  please  continue, 

-Find  Figure  A-i   and  take  it  out  so  you  can  use  it.  You  should  notice     , 
that  there  is  a  completed  example  on  the  right  half  of  the  page. 

a.  Pick  a  species  (it  is  usvially  best  to  pick  a  key  or  dominant  species) 
from  your  data  and  write  the  name  in  the  appropriate  blank.   Fill  in 
the  attribute  (i.e.,  density,  production,  etc.,)  we  are  analyzing  as 

well. 

b.  Count   the  number  of   hoops,   plots,    or  frames  that  were  sampled  and 
enter  the  niaaber  in  the  space  provided.     Note  the  symbol  in  paren- 
thesis (n)   after  the  space;  we  will  use  this  number  later. 

c.  Enter  the  sample  values  (for  the  species  you  picked)   in  the  vertical 
column  (X)   for  each  hoop,    frame,    etc.    (plot   1,    plot   2,    etc.,). 

d.  Add  up  Column  (X)  and  enter  the  answer  in  TOTAL  (X) _. 


e.  Remember  (n) (number  of  plots,    frames,  etc.)?  __ 
Divide  TOTAL  (X)   by  (n).     This  number  is  thejnean  or  average  (X)__of 
your  species  for  all  plots.        Fill  in  the     (X)     blank  and  the     (X) 
CO  limn,   all  with  the  same  value. 

f .  Subtract  the  (X)   column  from  the  plot  1,   plot  2,_etc.   values  in  the 
(X)   coltjmn.     Enter  each  answer  in  the  two     (X  -  X)   columns. 
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g.   Multiply  one  (X  -  X)  column_times  the  other  (X  -  X)  column.   [We 

are  actually  squaring  (X  -  X)].   Remember,  a  negative  number  times  a 
negative  number  equals  a  positive  number,  so_all  of  your  answers  will 
be  positive.   Enter  each  answer  in  the  (X  -  X)^  column. 

h.  Add  up  the  (X  -  X)^  column  and  enter  the  answer  in  TOTAL  A. 

i.  Divide  TOTAL  A  by  (n  -  1)  (your  number  of  plots  less  1)  and  enter  in 
the  (S^)  spaces.   S^  is  the  variance  of  your  data. 

j.  Use  your  calculator  to  find  the  square  root  of  (S^)  and  enter  it  in 
the  (S)  blanks.   (S)  is  the  standard  deviation  and  means  very  little 
to  most  people,  but  statisticians  include  it  in  most  formulae  they  use. 

k.   Divide  (S)  by  your  mean  (X)  and  enter  this  innocent  looking  value  in 
the  (CV)  space.   You  have  just  calculated  the  coefficient  of  variation 
(CV)  for  the  species  named  "whatever." 

You  have  now  completed  all  the  calculations  necessary  to  determine  the 
precision  at  a  given  level  of  confidence  for  your  inventory  or  monitoring 
study. 

Remove  Figures  A2  and  A3.   Note  that  A2  is  titled  90  percent 
confidence  and  A3  is  titled  80  percent  confidence.   Select  one  of  the 
confidence  figures.   For  most  purposes  in  BLM,  80  percent  confidence  is 
adequate.  You  will  notice  on  the  figure(s)  that  the  number  of  samples  (plots) 
(n)  is  on  the  bottom,  and  the  Coefficient  of  Variation  (CV)  is  on  the  left. 
Do  not  worry  about  the  numbers  on  the  right  yet.   If  your  (n)  figure  is  five 
or  less,  consider  using  Appendices  5  and  6  (enlarged  versions  of  Figures  A2 
and  A3) . 

Find  your  (n)  number  on  the  figure.  Now  find  your  (CV)  on  the  left-hand 
side.   Where  do  these  points  intersect?   Staying  between  the  curved  lines, 
follow  the  curve  all  the  way  over  to  the  right-hand  side.   What  is  the  num- 
ber? This  is  the  precision  or  plus  or  minus  percent  of  the  mean  figure.   For 
example,  if  your  precision  was  15  percent  and  you  used  the  figure  for 
80  percent  confidence,  it  means  that  you  can  be  80  percent  confident  that  your 
data  for  species  "whatever"  is  within  +  15  percent  of  the  actual  mean. 

Enter  your  precision  value  in  the  appropriate  confidence  (80  percent  or  90 
percent)  level  blank  (under  the  title  INTERCEPT  (n)  and  CV) .   Now  select  the 
appropriate  formula  (same  confidence  percent)  and  calculate  the  upper  and 
lower  limits  for  the  Confidence  Interval  (CI).   Be  sure  to  convert  the  percent 
values  to  their  decimal  equivalents,  i.e.,  in  Figure  Aj^  for  the  90  percent 
confidence,  the  100%  -  14%  becomes  0.86  whereas  the  100%  +  14%  becomes  1.14. 
A  confidence  interval  tells  you  that  the  true  population  value  lies  somewhere 
between  the  upper  and  lower  limits  80%  (at  the  80%  confidence  level)  or  90% 
(at  the  90%  confidence  level)  of  the  time. 
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Iq  £he  example  shown  In  A]^  besides  the  confidence  interval  for  the  mean 
we  could  calculate  the  density  of  Agsp  to  be  72,600/acre  (16  x  43,560  -f  9.6) 
and  enter  this  value  into   the  formula  to  arrive  at   the  confidence  interval  for 
the  population  value.      At   the   90%  confidence  level  the   range  would   be  from 
62,436/ac  to  82»764/ac.     Now  use  the  other  confidence  level  figure  to 
calculate  the  CI. 

That  wasn^t  so  hardl     What  happens  if  the  boss  sends  you  out  to  do  a 
study  and  he  expects  you  to  be_80  percent  confident  that  your  key  species  data 
are  +  20  percent  of   the  mean  (X)»     While  in  the  field,   you  sampled  nine  plots 
and  calculated  a  coefficient   of   variation  (CV)   of    »50.      Using  Figure  A3,   you 
find  that  your  precision  (+%  of  the  mean)   is  +  23  percent.      (In  the  world  of 
statistics,    smaller  precision  values  are   "better"   and  statisticians    [and  I 
will,   too]   refer  to  those  smaller  values  as  a  "higher  level"   of  precision. 
Logical,    isn't  it?)      Since  your  precision  is  lower  than  the  boss  wants,   you 
must  collect  more  data.      How  much  more?      Quite   simple!     Using  Figure  A3, 
find  the  intersection  for  CV  »   .50  and  (n)   »  9.     Now  using  the   same  (CV) 
value y   move   to  the   right  until  you  reach  the   20  percent   "bandc"     Keep  going  to 
the  right  until  you  hit  a  vertical  line  or  "tick"  mark.     Now  go  down  to  the 
number  of   samples.     This  is  the  total  nximber  of  plots  (11)   you  have  to  sample 
to  be  80  percent  confident  your  data  for  species  X  will  be  within  +  20  percent 
of   the  actual  study  meano     Now  using  your  data,    subtract   5  percent  from  your 
precision  (+%   of   the  mean)   and  figure  out   how  many  plots  to   sample  at   this  new 
level.      RZ2IEMBER,    STATISTICS  ARE  MORE  MEAIIINGRJL  ON  A  SPECIES   BY  SPECIES   BASIS! 

I  would  recommend  you  try  the  section  on  frequency  next.     Do  not  be 
surprised  if  all  the  Instructions  are  basically  the  same.     There  is  little 
difference  in  how  we  look  at  frequency,   density,   cover,   and  production.      In 
frequency  you  use  transect  data  whereas  in  density  cover,    etc.,   you  use  plot 
data. 

Detecting  change  is  found   in  Part  D. 
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Part  B  -  Frequency 

I  bet  you  are  asking  why  frequency  is  different  from  density,  cover,  and 
production.   Dam  good  questioni   Frequency  is  binomial  data.   That  is,  it  is 
present  or  absent;  either  it  is  there  or  it  is  not;  yes  or  no.  Mathematically 
it  is  like  having  Os  (zeros)  and  Is  (ones);  1  for  yes,  0  for  no.  There  is  a 
whole  set  of  statistical  formulas  and  theories  about  all  these  Os  and  Is. 
However,  if  we  add  up  all  the  Os  and  Is  for  a  transect,  then  we  can  use  the 
same  statistical  formulas  as  for  density,  cover,  and  production.   Furthermore, 
we  get  the  same  results  that  all  the  binomial  theory  and  formula  produce. 

Instead  of  using  plot  by  plot  data  we  have  to  use  transect  totals.   The 
first  question  we  have  to  answer  is  "how  many  transects/subtransects  (or 
belts)  were  run  in  your  frequency  study?".   If  your  answer  is  greater  than 
one,  can  you  determine  frequency  values  for  each  transect?   If  the  answer  is 
yes,  we  are  okay.   If  your  answer  is  no,  you  may  have  to  go  to  Part  C.   In  any 
case,  please  read  on. 

If  you  have  only  one  transect,  a  statistician  may  not  consider  you  his 
friend.   Remember,  they  want  people  to  do  everything  more  than  once.   Don't 
worry  though;  if  you  have  recorded  your  frequency  data  plot  by  plot,  you  have 
more  options  than  most  people.   If  you  did  not  record  plot  by  plot,  go  to 
Part  C.   If  you  sampled  one  transect  plot  by  plot,  you  actually  have  a  variety 
of  subtransects.   For  example,  1  transect  of  200  plots  may  be  analyzed  as  4 
subtransects  of  50  plots,  10  subtransects  of  20  plots,  5  subtransects  of  40 
plots,  etc.  You  can  choose  the  configuration  you  want;  and  if  it  does  not 
produce  the  results  you  want,  try  another  configuration.   Usually  the  more 
transects  you  have,  the  better  your  confidence  and/or  precision.  Let's 
continue. 

Find  Figure  B^  and  take  it  out  so  you  can  use  it.   You  should  notice 
that  there  is  a  completed  example  on  the  right  half  of  the  page. 

a.  Pick  a  species  (it  is  usually  best  to  pick  a  key  or  dominant  species) 
from  your  data,  and  write  the  name  in  the  appropriate  blank.  Fill  in 
the  attribute  (frequency)  we  are  analyzing  as  well. 

b.  Count  the  number  of  transects  (or  subtransects)  that  were  sampled  and 
enter  the  number  in  the  space  provided.   Note  the  symbol  in  paren- 
thesis (n)  after  the  space;  we  will  use  this  number  later. 

c.  Enter  the  number  of  times  (or  plots)  the  species  occurred  (for  the 
species  you  picked)  in  the  vertical  column  (X)  for  each  transect  or 
subtransect  (Transect  1,  Transect  2,  etc.). 

d.  Add  up  column  (X)  and  enter  the  answer  in  TOTAL  (X) . 
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m.     Remember  (n)    the  number  of   transects  (subtransects)   etc.,?  JDlvlde 
TOTAL  (X)    by  (n).     This  number  is  thejaean  or  the  average_(X)   times 
your  species  occurred.      Fill   in  the  (X)      blank  and   the     (X)   column, 
all  with  the  same  value. 

f.     Subtract  (X)   from  the  Transect  1,   Transect  2,   etc.,_value8  in  the 
(X)   columm.  .         Enter  each  answer  in  the  two     (X  °  X)  eoljjmnsc 


one  (X  -  X)   coluffin_times  the  other  (X  -  X)   coluanc      [We 
are  actually   squaring  (X  ">  X)]c     ECTiember,    a  negative  number  times  a 
negative  number  equals  a  positive  number, __^so  all  your  answers  will  be 
positive.     Enter  the  answer  in  the     (X  -  X)^  column. 

h.     Add  up   the  (X  -  X)^  column  and  enter  the  answer  in  TOTAL  A. 

i.      Divide  TOTAL  A  by  (n-1)    (your  number  of   transects  less   1)   and  enter  in 
the   (S^)    spaces.      S^  is  the  variance  of  your  data. 

j.     Find  the   square  root  of   (S^)   and  enter  it  in  the  (S)   blanks  using 
your  calcultor.      (S)    is  the  standard  deviation  and  statisticians 
include  it  in  most  formulas  they  use. 

k.      Divide  (S)    by  your  mean  (X)   and  enter  this  innocent   looking   value  in 
the   (CV)    space.      You  have   just  calculated  the  coefficient   of   variation 
for  the  species  named  "whatever." 

You  have  now  conrpleted  all  the  calculations  necessary  to  determine  the 
precision  at  a  given  level  of  confidence  for  your  inventory  or  monitoring 
study. 

Remove  Figures  B2  and  B3.     Note  that  B2  is  titled  90  percent 
confidence,    and  B3  is  titled   80  percent  confidence.      Select  one  of   the 
confidence  figures.      For  most  purposes-  in  BLM  80  percent  confidence  is 
adequate.     You  will  notice  on  the  figures  that  the  number  of   transects/ 
subtransects  (n)   is  on  the  bottom  and  coefficient  of  variation  (CV)   is  on  the 
left.     Do  not  worry  about  the  numbers  on  the   right  yet.      If  your  (n)   is  five 
or  less,    consider  using  Appendices  7  and   8  (enlarged  versions  of  Figures  B2 
and  B3) . 

Find  your  (n)   number  on  the  figure.     Now,    find  your  (CV)   on  the  left  hand 
side.     Where  do  these  points  intersect?     Staying  between  the  curved  lines, 
follow  the  curve  all  the  way  over  to  the  right-hand  side.      What   is  the 
niimber?     This  is  the  precision  or  plus  or  minus  percent  of  the  mean  figure. 
For  example,    if  your  precision  was  13  percent  and  you  used  the  figure  for  80 
percent  confidence,    it  means  that  you  can  be  80  percent  confident  that  your 
data  for  species  "whatever"   is  within  +  15  percent  of  the  acttial  mean. 

Enter  your  precision  value  in  the  appropriate  confidence  (80  percent  or 
ninety  percent)    level  blank  (under  the  title  INTERCEPT  (n)   and  CV) .      Now  using 
the  correct  formxila  (same  confidence  percent),   calculate  the  upper  and  lower 
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limits  for  the  confidence  interval  (CI).  Be  sure  to  convert  the  percent 
values  in  the  formula  to  their  decimal  equivalents.   For  example,  in 
Figure  Bi,  for  90%  confidence,  100%  -  13%  becomes  0.87  whereas  100%  +  13% 
becomes  1.13.   The  example  in  figure  B]^  derived  a  frequency  value  for  Hija 
by  dividing  the  number  of  plots  in  which  Hija  occurred  by  the  total  plots 
sampled  (140 -r  200  -  .70  or  70%).  A  confidence  interval  tells  you  that  the 
true  population  value  lies  somewhere  between  the  upper  and  lower  limits  80% 
(at  the  80%  confidence  level)  or  90%  (at  the  90%  confidence  level)  of  the 
time.  Now  use  the  other  confidence  level  figure  to  calculate  the  CI. 

That  wasn't  so  hardi  What  happens  if  the  boss  sends  you  out  to  do  a  study 
and  he  expects  you  to  be__80  percent  confident  that  your  key  species  data  are  + 
20  percent  of  the  mean  (X)?  While  in  the  field  you  sampled  9  transects  and 
calculated  a  coefficient  of  variation  (CV)  of  .50.  Using  Figure  B3  you  find 
that  your  precision  (+%  of  the  mean)  is  +  23  percent.   (In  the  world  of 
statistics,  smaller  precision  values  are  "better,"  and  statisticians  (and  I 
will,  too)  refer  to  those  smaller  values  as  a  "higher  level"  of  precision. 
Logical,  isn't  it?)  Since  your  precision  is  lower  than  the  boss  wants,  you 
must  collect  more  data.  How  much  more?  Quite  simplel  Using  Figure  B3, 
find  the  intersection  for  CV  =  .50  and  (n)  =  9.   Now  using  the  same  (CV) 
value,  move  to  the  right  until  you  reach  the  20  percent  "band".  Keep  going  to 
the  right  until  you  hit  a  vertical  line  or  tick  mark.  Now  go  down  to  the 
number  of  transects/subtransects.   This  is  the  total  number  of  subtransects 
(11)  you  have  to  sample  to  be  80  percent  confident  your  data  for  species  X 
will  be  within  +  20  percent  of  the  actual  study  mean.   Now  using  your  data, 
subtract  5  percent  from  your  precision  (+%  of  the  mean)  and  figure  out  how 
many  transects  to  sample  at  this  new  level.   REMEMBER,  STATISTICS  ARE  ONLY 
GOOD  ON  A  SPECIES  BY  SPECIES  BASIS! 

You  have  done  so  well  you  are  hereby  declared  a  member  of  the  Royal  Order 
of  Befuddlers.   If  you  haven't  done  so,  I  would  recommend  you  try  the  section 
on  cover,  density,  or  production  (Part  A)  next.  Do  not  be  surprised  if  all 
the  instructions  are  basically  the  same.   There  is  little  difference  in  how  we 
look  at  frequency,  density,  cover,  and  production.   In  frequency  you  use 
transect  data  whereas  in  cover,  etc. ,  you  use  plot  data. 

Detecting  change  is  found  in  Part  D. 
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Part   C  -  Never-Ever  Land 

Welcome   to  Part  C.     This  is  where  you  go  to  find  out  what  went  wrong. 
Being   sent   to   Part   C  is   like   explaining   where   the    state   of  Delaware   is.      Folks 
who   have   been  raised   in  the  West   do  not   know  where  Delaware   is,    so   it  makes   it 
really  difficult  to  explain. 

Part  C  is  the   statistician's  "never-ever  land"   because  you  can't  apply 
statistics  to  a  single  transect  or  plot.      So  if  you  have  only  one  transect  or 
plot,    you  must  do  some  more   sampling  work  if  you  want   to  use   statistics. 

If   you  sampled   just   one  plot,    next   time   sample  at   least   two  or   better  yet 
three  plots.      If  you  sampled  one  frequency  transect  and  tallied  data,    next 
time  try  to   record  data  plot  by  plot  or  add  more  transects.      Plotless  tech- 
niques  like   the  pace  point   or   line   intercept  will   require   at    least   two  and 
probably  three  or  four  transects   to  put   statistical  analysis  to  work. 

Remember  to  always   sample  data  within  the  mapping   unit   or  area  you  are 
trying  to  inventory  or  monitor. 

Pull  another  example  or  file  that  has  multiple  plots  or  transects  and 
start  again.  If  you  don't  have  any,  consider  redesigning  your  monitoring 
program. 
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Part  D  ~  Detecting  Change 

Finally,  we  will  use  statistics  to  help  us  detect  change  over  a  period  of 
time.   Statistics  can  let  us  know  our  level  of  confidence  and  precision  in 
stating  that  change  has  occurred.  Unfortunately »  there  may  be  cases  where 
change  will  be  obvious^  but  the  data  collected  do  not  statistically  show  it. 
Another  thing  to  remember  Is  that  by  the  time  statistics  indicate  change, 
raogeland  may  not  respond  to  managemento  So  "fine  tune"  (a  nice  verb  for  the 
TV  generation^  musicians^  and  auto  mechanics)  management  as  you  go  along. 

Rule  #  1  "  In  order  to  correctly  state  the  statistical  significance  of  a 
detected  change,  all  studies  must  have  been  completed  using  the  same  ground 
rules  and  techniques  each  year.  The  number  of  plots  or  transects  can  vary, 
but  it  is  never  a  good  idea  to  do  less  than  the  baseline  study. 

Rule  #  2  -  Analysis  of  data  must  use  the  same  analysis  procedures  each 
year;  therefore,  if  you  ever  want  to  change  analysis  procedures,  you  must 
reanalyze  all  data  using  the  same  method. 

Let's  move  on  to  more  "productive  range  (ground)".  You  have  already 
learned  what  the  mean  (X)  and  variance  (S^)  are.  Now,  we'll  use  the  X  and 
S^  values  from  year  1  and  year  2,  as  well  as  a  value  I'll  have  you  look  up 
in  the  t-table  (Appendix  9)  to  detect  change. 

Find  Figure  D]^  and  take  it  out  so  you  can  use  it.  As  with  Figures  A]^   ^ 
and  Bx  there  is  a  completed  example  on  the  right  half  of  the  page.  The 
example  has  extra  steps  in  the  math  computations.  I  just  wanted  to  make  sure 
you  understand  the  order  in  which  to  multiply  and  add  the  values. 

a.  Fill  in  the  blanks  for  n,  X,  and  S^  for  years  1  and  2.  You  should 
be  able  to  copy  them  directly  from  forms  ki   or  B^.  Notice  that  n,  X,  and 
S^  now  have  subscripts  (a  1  indicates  the  earlier  reading  whereas  a  2 
indicates  a  subsequent  or  the  latest  reading)  so  that  we  can  tell  them  apart. 

b.  Use  the  equation  in  line  1  to  compute  S^,  and  enter  it  in  the  space 
provided.  This  is  a  new  S^  value.  It  is  an  average  of  s|  and  s|, 
weighted  by  (ni"-l)and  (n2-l). 

c.  Use  the  equation  in  line  2  to  compute  S^  (this  confusing 
combination  of  letters  and  numbers  is  the  variance  of  the  difference  between 
the  earlier  and  later  mean  readings.  Confused?  .  .  .  so  am  III.  Put  your 
value  in  the  appropriate  blank. 

d.  Use  the  equation  in  line  3  to  compute  the  square  root  of  s|,  and 
put  it  in  the  S^^  blank. 

e.  Use  the  equation  in  line  4  to  find  df ,  the  degrees  of  freedom  you 
will  use  to  look  up  the  t*-values  in  Appendix  9. 

f .  O.K.  Using  Appendix  9  and  the  df  you  have  just  calctilated,  fill  in 
the  blanks  in  line  5a  with  t-values.  Now,  multiply  S^j  (from  line  3)  by  each 
of  the  t-values  in  line  5a  and  put  the  answers  in  line  5b. 


^ 


g.      Compute  the  difference   between  X]^  and  X2.      Subtract   the  smaller 
from  the  larger   so  that  diff   (the  difference)  will  be  positive. 

h.      Finally,    we're   ready   to   see   how  confident  we  are   that   a  change  has 
occurred.      Compare  diff   (from  line   6)    to  the  values  in  line   5b.      If  diff 
exceeds  a  value  in  line   Sb*    then  you  are   70Z  to  95%  confident  (depending  on 
what  the  column  heading  is)    that  a  change  has  occurred.      Pick  the  largest 
value  in  line   5b  which  diff   exceeds,    and  thus  the  corresponding  confidence 
will  be  as  high  as  possible. 

O.K.      We're   throughl      Want   a  clue  on  how  to   set  your  objectives?     You'll 
need  X,    n,   and  S  from  a   study  you've  already  done. 

a.  First  we'll  have  to  look  up  a  t-value  in  Appendix   9.      Degrees  of 
freedom  will  equal   (2n)-2.      Pick  the   t-value  for  the  confidence   level   (e.g. 
80%   or   90%)    you'll  accept. 

b.  Compute  the  following :      t  *  S  ^  V^ 

c.  Add  this  value  to  X  (your_density,    frequency,    cover,    etc.    value). 
This  is  how  large_your  subsequent  X  value  must   be  to   statistically  exceed  the 
first,    original     X     at   the  confidence  level  you've   selected.      Remember  this  is 
only  a   target.... an  objectivel    If  your  variation  for  the   first    reading  is 

different    from  the   variation  calculated    for  the    second   reading    the   figure   may 
be  a  little  off. 
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Figure  D^ 


Part  E  -  Statistical  Formulas 

n  =  number  of  transects  (frequency,  line  cover,  point  cover)  or  plots 
(plot  cover,  density,  production) 


X  "  species  or  sample  values 
X  »  mean  or  average 


formula: 


n 


s2  =  vari 


ance 


formula:     S^  =  Z(X  -  X)2 


n-1 


S  =  standard  deviation  formula: 

CV  =  coefficient  of  variation    formula: 


S  =  V^ 
CV  =   s 


X 


E  =»  the  precision  or  + %   of  the  mean.  Note:  in  statistical 

calculations  you  always  use  the  decimal  equivalent  i.e.,  +  10%  =  +  .  10 

^.90  ~  ^  value  at  the  90  %  confidence  level  (or  10%  chance  to  be  wrong) 
level;  (Note  the  decimal  format)  and  where  degrees  of  freedom  =  n-1. 
See  Appendix  9  (t  Table) 

t  95  =  t  value  at  95%  confidence  (  5%  chance  to  be  wrong) 
'.80  ~  '  value  at  80%  confidence  (20%  chance  to  be  wrong) 


TO  SOLVE  FOR: 

number  (n)  of  required  transects  to  reach 
a  particular  level  of  confidence  and 
+%  of  the  mean  given  t,  CV,  and  E 


n  -   t^  *  CV2 


) 


+%  of  the  mean  (E)  given  t,  CV,  and  n 


coefficient  of  variation  given  n,  E,  and  t 


CV 


t  *  CV  *  J  1/n 


V^ 


*  E 


Note:   t  is  shown  without  a  particular  level  of  confidence.   The  value  of  t 
must  be  obtained  from  the  t  table  (Appendix  9). 
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ALLOTMENT :  Plucked  Goose 

DATE :  9/31/8A 

OBSERVER :  I.  R.  Quick 

LOCATION:  1/4  mile  wT  of  Dry  Well  ii^l9 

PARAMETER:  Cover 

TECHNIQUE:  Daubenmite  6  class 


%  Cover  (midpoint)  By  Plot 


8     9     10 


Blackgrama  85.0   2.5   2.5   0.0  15.0   2.5  15.0   2.5  62.5   2.5 

Western  wheatgrass   62.5   2.5  15.0  15.0  37.5   2.5   2.5  15.0  87.5   2.5 
Euphor(b)ia     '     2.5  15.0   0     0     2.5  15.0   0     0     2.5  15.0 
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25 m/Rf, 


ALLOTMENT :  Cowtown 

DATE  I  10/07/84 

OBSERVERS  Down  N,  Out 

LOCATION:  70  yards  NW  of  truck 

PARAMETER:  Density 

TECHNIQUE:  4  each  9.6  sq.  ft.  hoops 


Idaho  Fescxie 
Phlo% 
Cheatgrass 
Saguaro  Cactus 
Blue  Spruce 


Plot 

1 

Plot 

1 

Plot 
16 

2 

Plot  4 

20 

24 

19 

5 

7 

3 

6 

70 

60 

65 

69 

1 

0 

0 

0 

1 

0 

0 

0 

AnnenH  -f  tt  7 


ALLOTMENT :  Sheep  Allotment  10 

DATE :  11/31/89 

OBSERVER :  Where's  d'Beef 

LOCATION:  100  ft.  SW  of  bedding  ground 

PARAMETER:  Production. 

TECHNIQUE :  10  9.6  Sq.  ftl  plots  (estimate  of  grams) 


Plot  # 


Globe  Mallow  2 

Marsh  Mallow  3 

Barley  5 
Single  Leaf  Pinyon  20 

Squirreltail  9 

Big  Galleta  0 

Cactus  "  5 


2 

3 

4 

5 

6 

7 

8 

9 

10 

4 

.0 

0 

1 

10 

0 

4 

0 

1 

1 

1 

0 

0 

0 

0 

0 

2 

0 

6 

7 

8 

10 

12 

0 

2 

4 

6 

20 

9 

0 

0 

0 

10 

20 

30 

0 

10 

8 

12 

5 

3 

10 

0 

0 

1 

0 

0 

5 

0 

0 

10 

0 

10 

0  . 

0 

0 

0 

0 

5 

0 

0 

0 

0 
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ALLOTMENT :  Poverty  Cattle  Co. 

DATE :  Yesterday 

OBSERVER:  Ace  Madrooga 

LOCATION:  300  ft  v  of  Go  Broke  Gulch  sign 

PAEAMETER:  Frequency 

TECHNIQUE:  20  plots/subtransect  -  5  subtransects 


Number  Of  Occurences  Per  Subtransect 


Total  % 

1 

2 

3 

4 

5 

Frequency 

Blue  Bunch  Wheatgrass 

2 

4 

3 

5 

6 

20Z 

Spike  Muhly 

9 

10 

11 

9 

10 

49Z 

Filaree 

16 

17 

16 

19 

20 

88Z 

Western  Red  Cedar 

1 

1 

0 

2 

0 

4Z 

Nevada  Bluegrass 

10 

12 

13 

9 

13 

57% 

Burrograss 

16 

7 

20 

3 

16 

62% 
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Values   of 

t 

Level  of   Confj 

Ldence 

df 

70% 

80% 

90% 

95% 

•  1 

1.96 

3.08 

6.31 

12.71 

2 

1.39 

1.89 

2.92 

4.30 

3 

1.25 

1.64 

2.35 

3.18 

4 

1.19 

1.53 

2.13 

2.78 

5 

1.16 

1.48 

2.02 

2.57 

6 

1.13 

1.44 

1.94 

2.45 

7 

1.12 

1.42 

1.90 

2.37 

8 

1.11 

1.40 

1.86 

2.31 

9 

1.10 

1.38 

1.83 

2.26 

10 

1.09 

1.37 

1.81 

2.23 

11 

1.09 

1.36 

1.80 

2.20 

12 

1.08 

1.36 

1.78 

2.18 

13 

1.08 

1.35 

1.77 

2.16 

14 

1.08 

1.35 

1.76 

2.15 

15 

1.07 

1.34 

1.75 

2.13 

16 

1.07 

1.34 

1.75 

2.12 

17 

1.07 

1.33 

1.74 

2.11 

18 

1.07 

1.33 

1.73 

2.10 

19 

1.07 

1.33 

1.73 

2.09 

20 

1.06 

1.33 

1.73 

2.09 

21 

1.06 

1.32 

1.72 

2.08 

22 

1.06 

1.32 

1.72 

2.07 

23 

1.06 

1.32 

1.71 

2.07 

24 

1.06 

1.32 

1.71 

2.06 

25 

1.06 

1.32 

1.71 

2.06 

26 

1.06 

1.32 

1.71 

2.06 

27 

1.06 

1.31 

1.70 

2.05 

28 

1.06 

1.31 

1.70 

2.05 

29 

1.06 

1.31 

1.70 

2.05 

30 

1.06 

1.31 

1.70 

2.04 

40 

1.05 

1.30 

1.68 

2.02 

60 

1.05 

1.30 

1.67 

2.00 

120 

1.04 

1.29 

1.66 

1.98 

00 

1.04 

1.28 

1.65 

1.96 
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Species 

Attribute 


Date 


Number  of  Plots,  Frames,  or  Hoops 


State 

Dist. 

(n)   Allot. 

Study  //' 


Plot  1 
Plot  2 
Plot  3 
Plot  4 
Plot  5 
Plot  6 
Plot  7 
Plot  8 
Plot  9 
Plot  10.' 
TOTAL  (X) 


(X) 


<X) 


(n)  = 


i 


(S2)  = 


(S) 


INTERCEPT  (n)  and  CV: 


(X-X) 


(X-X) 


-Y^2 


<X-X) 


_ 

X 

s 

_ 

X 

5, 

e 

X 

- 

= 

X 

. 

as 

X 

s 

s: 

X 

_ 

_ 

X 

— 

s 

X 

a 

_ 

X 

3 

~ 

(X) 

(TOTAL  A)  -r 
(S) 

• 

TOTAL  A_ 
(n-1)    = 
(X)    » 

__(S2) 
(CV) 

90%  confidence 


(%  +  mean) 


80%  confidence 


(%  +  mean) 


I 


TO  CALCULATE  CONFIDENCE  INTERVALS  AROUND  A  MEAN  OR  DATA 

(g  90%  CONFIDENCE 

_  mean,  density,  cover 

(100%- (%+  mean))  x  (or  production  value)  =  lower  limit 

_  mean,  density,  cover 

(100%+ (%+  mean))  x  (or  production  value)  =  upper  limit 


@  80%  CONFIDENCE 

_  mean,  density,  cover 

(100%- (%+  mean))  x  (or  production  value) 


lower  limit 


_  mean,  density,  cover 

(100%+ (%+  mean) )  x  (or  production  value)  =  upper  limit 
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Species^ 

Attribute 


Date 


Number  of  transects  (or  subtransects) 


State 
Dlste  1 
(n)  Allot o 
Study  f 


(X) 


(X) 


(X-X) 


(X-X)' 


Transect  1 

• 

» 

X 

K 

Transect  2 

s 

X 

m 

Transect  3 

X 

„ 

Transect  4 

X 

a 

Transect  5 

X 

s 

1 
Transect  6 

X 

m 

Transect  7 

X 

m 

Transect  8 

^ 

X 

a 

Transect  9 

X 

3 

Transect  IC 

) 

(n)  - 

X 

s 

TOTAL  (X) 

(X) 

CS).-s- 

3  nee 

!J  OR  DAI 

value) 
value) 

value) 

1 

at 

TOTAL  A 

CV; 

(%  +  mean)      J 

(TOTAL  a; 

30%  confidi 
DUND  A  MEA] 

frequency 
frequency 

frequency 

(n-1)  - 
(X)  - 

(%  +  mean) 

lower  limit 
upper  limit 

lower  limit 
upper  limit 

ish 

INTERCEPT  (n)  and 
90%  confidence 

(CV). 

TO  CALCULAl 

:e  cone: 

IDENCE 
(%+  mej 

LDENCK  H 

^rniRVALS  AR( 

(mean  or 
(mean  or 

(mean  or 

{§  90Z  CONFl 
(lOOZ- 

an))  X 

(1002;+     (2+  me  J 
@  80%  CONFIDENCE 

an))  X 
an))  X 

(100%- 

(%+  mei 

(100%+ 

(%+  mean))  x 

(mean  or 

frequency 

value) 
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Course  7000.1 
Instructors:   Vandas 
Murphy 


Water  Resources  Issues 


Objective 


To  review  some  of  the  most  important  water  resources  issues  in  BLM  and 
learn  the  soil  and  water  specialist's  role  in  dealing  with  them. 

TopicsjL' 

I.  Salinity 

II.  Energy  Environmental  Analyses 

III.  Dam  Safety 

IV.  Water  Rights 

V.  Riparian  Area  Management 

VI.  Discussion 


—  Subject  outlines  for  each  main  topic  are  attached 


Biographical  Sketch 


Name:   Stephen  J.  Vandas 


Current  Job  Title: 


Hydrologist 

Division  of  Lands  and  Renewable  Resources 

Colorado  State  Office 

2020  Arapaho  Street 

Denver,  Colorado  80205 

FTS  564-7121  Coram  (303)  294-7121 


Previous  Experience:   1975  -  1976 

Temp.  BLM 
Montrose  and  Grand  Junction  District  Office 

1976  -  1978 

U.S.  Geological  Survey  Water  Resources  Division 

Pueblo,  Colorado 

1978  -  1981 

Bureau  of  Reclamation 

Lower  Missouri  Region 


Education:   B.S.  -  Watershed  Sciences 

Colorado  State  University 


Interests :  Beer  drinking 
Sports 

Stock  Market 
Salinity  Control 
Surface  Water  Hydrology 


Publications:   2  Professional  Papers 
4  EIS's 
Review  of  more  EIS's  than  can  remember, 


f 


(- 


RESUME:   DENNIS  M.  MURPHY 

Educational  Background 

AA   Business  Administration  -  Burlington  Coiinty  Community  College, 
Pemberton,  New  Jersey 

BS   Forest-Watershed  Management,  Utah  State  University 

1  Year  Graduate  School  -  Wildland  Hydrology,  Utah  State  University 

Career  Summary 

7/76  -  6/77         Forest  Technician,  Utah  State  University 

3/78  -  6/78        Laboratory  Instructor  for  the  Wood  Anatomy  and 

Principles  of  Conservation  Courses  at  Utah  State  University 

6/78  -  Present      Hydrologist,  Bureau  of  Land  Management,  Montrose, 

Colorado 

Address:   USDI-BLM 

2465  South  Townsend  Avenue 
Montrose,  Colorado  81401 

Office  Telephone:   (303)  249-7791 

FTS  322-7300 


( 
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Water  Resources  Issues  -  Salinity 

I.  Introduction 

A.  Discussion  of  Water  Resource  Management 

1.  Quality 

2.  Quantity 

3.  Availability 

B.  Discussion  of  Economic  Determinations  for  Water  Resources 

1.  Benefits/Detriments 

2.  Onsite/Off site 

C.  Non-Point  Source  Pollution 

1.  Types 

2.  BLM  Planning  System 

II.  Background  Salinity  Control 

A.  History 

1.  Colorado  River  Compact 

2.  Population  Served 

B.  Legislation 

1.  Federal  Water  Pollution  Control  Act  1972 

a.  Salinity  Control  Forum 

b.  Number  Standards 

2.  Colorado  River  Basin  Salinity  Control  Act  1974 

a.  Authorized  Construction 

b.  Established  Advisory  Council 

3.  Amendments  Colorado  River  Basin  Salinity  Control 

Act  1984 

a.  BLM  involvement 

b.  Requires  report  to  Congress  July  1,   1987 

4.  Forum  adopted  policy 

C.  Salinity  Control  Organizations 

1.  Forum 

2.  Advisory  Council 

3.  Work.  Group 

D.  Salinity  Impacts  to  Lower  Basin  Users 

1.  Bureau  of  Reclamation  Economic  Analysis 

2.  Other  Economic  Analysis 

III.  Salinity  Control  and  BLM 

A.   BLM  Involvement 

1.  Amendments  to  Colorado  River  Basin  Salinity  Control  Act 

2.  BLM  Major  Land  Owner  in  Basin 
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% 
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B.  Budget  and  Salinity  Control 
1.   Forum  Testimony 

C.  Diffuse  Sources  of  Salinity 

1.  Water  Engineers  and  Technology  Report 

2.  Landform  Dependency 

3.  Additional  Needs 

D.  GIS  and  Salinity  Control 

E.  Report  to  Congress 
1.   Progress 

F.  Using  Salinity  Control  to  BLM  Advantage 

1.  Using  Salt  to  justify  range  projects 

2.  Example  of  Salinity  Benefit  Computations 


i 


SALINITY  SUMMARY  PAPER 

Background 

The  Colorado  River  Salinity  Control  Fonim  was  established  as  part  of  the 
Federal  Water  Pollution  Control  Act  of  1972,  The  Forum  is  one  of  the  most 
powerful  water  lobbying  groups  in  the  West,  and  was  established  to  develop 
water  quality  standards  for  the  Colorado  River.  The  Forum  was  instrumental 
in  the  development  and  passage  of  amendments  to  the  Colorado  River  Basin 
Salinity  Control  Act  which  specifically  identifies  BLM.   BLM  is  required  to 
develop  a  comprehensive  salinity  control  program,  and  to  report  to  Congress 
concerning  the  program  and  implementation  actions  by  July  1,  1987. 

The  amendments  also  require  that  advanced  planning  be  done  on  Sinbad  Valley. 
No  time  or  description  were  given  for  this  work.  A  report  was  written  on 
Sinbad  Valley  in  April  1983. 

The  Salinity  Control  Forum  has  been  instrumental  in  maintaining  the  4341 
funding  levels  at  the  FY  82  base. 

Limited  direction  and  policy  exist  from  the  Washington  Office.   Of  importance 
are  Instruction  Memorandum  82-151  and  82-694,  Information  Memorandum  84-102, 
and  a  letter  from  Gary  Carruthers  to  Jack  Bamett  dated  March  14,  1983. 

Conclusions 

Salinity  control  provides  the  opportunity  for  new  Federalism  with  the  seven 
Basin  States  and  new  program  funding  possibilities.   The  program  must  be 
developed  in  such  a  way  that  salinity  control  is  one  of  many  benefits  not  the 
only  benefit.   Such  an  approach  fits  nicely  into  our  planning  system, 
especially  activity  planning.  The  development  of  the  comprehensive  report 
due  in  1987  provides  great  opportunities  for  utilizing  the  planning  system 
for  multiple  use  land  management.   The  potential  also  exists  for  cost  sharing 
with  the  Basin  States.   Sinbad  Valley  should  not  be  implemented  by  BLM,  and 
the  advanced  planning  should  show  this. 

SALINITY  CONTROL  BRIEFING 


Salinity  Control  Program  in  Colorado 

The  Colorado  State  Office  Hydrologist  has  been  the  BLM  representative  to  the 
Colorado  River  Basin  Salinity  Control  Fonim  Work  Group  and  Advisory  Council 
since  1982.  Thus,  Colorado  has  taken  the  lead  in  salinity  control  work.  The 
Craig,  Grand  Junction,  and  Montrose  Districts  are  all  involved.   The 
following  is  a  list  of  salinity  control  work  that  has  been  accomplished  in 
the  State; 

1.  Each  of  the  above  three  Districts  have  written  reports  identifying 
potential  salinity  control  areas  within  their  Districts. 

2.  Salinity  control  has  been  identified  as  a  major  issue  in  the  San  Juan  and 
Grand  Junction  RMPs.   Salinity  is  also  an  issue  in  the  Little  Snake 
Uncompahgre  RMP,  and  should  be  in  the  White  River  plan. 
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3.  Three  activity  plans,  one  in  the  White  River  Resource  Area,  one  in  the 
Grand  Junction  Resource  Area,  and  the  other  in  the  Uncompahgre  Resource 
Area,  have  been  written  for  salinity  control  projects.  Activity  plans  are 
currently  being  developed  in  the  Glenwood  Springs  and  Little  Snake 
Resource  Areas  with  salinity  control  as  a  major  objective. 

4.  There  are  approximately  $300, 000  worth  of  watershed  improvement  projects, 
which  have  salinity  control  as  an  objective,  which  are  ready  for 
implementation.  These  projects  have  been  identified  in  the  three 
completed  activity  plans. 

5.  Watershed  improvement  work  with  salinity  control  as  a  primary  objective 
was  implemented  in  FY  1984  in  the  Grand  Junction  and  White  River  Resource 
Areas. 

6.  A  salinity  control  verification  project  called  "Elephant  Skin  Wash"  has 
been  implemented  in  the  Uncompahgre  Resource  Area. 

7.  A  report  entitled  "Sinbad  Valley  Salinity  Report"  was  completed  in  April 
1983.   Sinbad  Valley  is  located  in  the  Grand  Junction  Resource  Area. 

Recommendation  for  Salinity  Control  Program 

It  is  recommended  that  the  BLM  pursue  salinity  control  as  part  of  the  agencies 
objectives  (see  Pros/Cons).  Salinity  control  should  be  pursued  through  the 
implementation  of  watershed  improvements  which  provide  for  multiple-use 
benefits.  These  multiple-use  benefits  Include  erosion  and  flood  control, 
water  supply  for  livestock  and  wildlife,  and/or  improved  forage  production. 
Projects  should  be  placed  on  moderately  saline  soils  which  are  in  poor 
watershed  condition. 

The  exact  locations  of  project  work  on  moderately  saline  soils  should  be 
directed  by  the  nonsalt  benefits.  A  few  "verification"  projects  should  be 
placed  on  highly  saline  soils  for  study  and  political  reasons.   These  projects 
will  provide  insight  to  the  maintenance  requirements  and  quanity  of  the  salt 
reduction  possibilities. 

It  is  not  recommended  that  we  implement  the  Sinbad  Valley  Unit.   P.L.  98-569 
requires  that  BLM  conduct  advance  planning  studies  but  not  implementation.   If 
implementation  is  to  take  place  it  should  be  done  by  USER.  This  would  require 
a  Department  level  change. 

A  positive  salinity  control  program  by  the  BLM  would  meet  with  favor  from  the 
Basin  States,  and  improve  federal,  state  relationships.  A  salinity  control 
program  based  on  watershed  improvement  provides  BLM  with  multiple-use  projects 
and  funding  to  do  these  projects. 

The  report  which  is  to  be  delivered  to  Congress  provides  BLM  with  the  vehicle 
to  develop  a  salinity  control  policy  based  upon  new  and  creative  land 
management  options.   Through  the  report,  the  potential  also  exists  for  cost 
sharing  of  watershed  improvements  on  saline  soils  with  the  Basin  States.  A 
draft  report  and  policy  is  currently  being  written  by  the  CSO  Hydrologist  and 
DSC  and  is  due  for  review  in  the  middle  of  FY  86. 


Background 

The  high  salt  load  of  approximately  nine  million  tons  annually,  entering  Lake 
Mead  in  the  lower  Colorado  River  Basin,  adversely  affects  more  than  16  million 
people  and  one  million  acres  of  irrigated  land.   In  1982  damages  resulting 
from  high  salt  concentrations  amounted  to  113  million  dollars.  Damages  in  the 
amount  of  $580,000  are  projected  to  occur  for  each  increase  of  1  mg/1  at 
Imperial  Dam  when  concentrations  reach  the  875  to  1,224  mg/1  range. 

As  a  result  of  amendments  to  the  Federal  Water  Pollution  Control  Act,  P.L. 
92-500,  the  Colorado  River  Salinity  Control  Forum  was  established.   The  Forum 
is  composed  of  water  resource  and  water  quality  representatives  from  each  of 
the  seven  Basin  States  appointed  by  its  respective  governor.   The  Fonim  was 
established  to  develop  water  quality  standards  for  the  Colorado  River.  The 
Forum  reviews  these  standards  every  three  years,  and  reports  on  salinity 
control  progress  every  year.  These  reports  and  the  resulting  recommendations 
are  presented  to  the  Secretaries'  of  the  Department  of  the  Interior  and 
Agriculture  and  to  the  Administrator  of  E.P.A. 

In  the  past  several  years,  the  fomm  has  become  a  very  effective  lobbying 
group.   They  have  hired  their  own  lobbyist.  Jack  Bamett.  Mr.  Bamett  has 
proved  to  be  very  effective  especially  regarding  recent  legislation,  P.L. 
98-569,  Amendments  to  the  Colorado  River  Basin  Salinity  Control  Act. 

Public  Law  98-569  identified  BLM  in  the  following  subsections: 

"(b)(5)  The  Secretary  of  the  Interior  is  directed  to  develop  a  comprehensive 
program  for  minimizing  salt  contributions  to  the  Colorado  River  from  lands 
administered  by  the  BLM.  He  is  to  submit  a  report,  which  describes  the 
program  and  recommends  implementation  actions,  to  the  Congress  and  the  members 
of  the  Advisory  Council  established  by  Section  204(a)  of  this  title  by  July  1, 
1987; 

(b)(5)  The  Secretary  of  the  Interior  is  directed  to  undertake  advance  planning 
activities  on  the  Sinbad  Valley  Unit,  Colorado,  as  described  in  the  Bureau  of 
Land  Management  Salinity  Status  Report  covering  the  period  1978-1979  and  dated 
February  1980." 

Subsection  (b)(3)  concerns  all  BLM  states  within  the  Colorado  River  drainage, 
while  (b)(5)  just  involves  Colorado. 

Sinbad  Valley  Unit 

Sinbad  Valley  is  located  in  the  Grand  Junction  Resource  Area,  just  southwest 
of  the  town  of  Gateway.  The  project  is  point  source  disposal  of  saline  waters 
from  a  series  of  springs.  A  report  entitled  "Sinbad  Valley  Salinity  Report" 
was  completed  by  the  Colorado  State  Office  and  Grand  Junction  District  in 
April  1983.  This  report  was  based  upon  greater  information  than  the  February 
1980  report  cited  in  the  legislation.   Project  implementation  was  estimated  to 
cost  approximately  seven  million  dollars,  operations  and  maintenance  between 
-^v'^   20-40  thousand  dollars  annually.   The  Sinbad  Valley  salinity  report 

recommended  that  the  Bureau  of  Reclamation,  and  not  the  BLM,  take  on  this 
project. 
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In  a  March  14,  1983  letter  written  to  the  Executive  Director  of  the  Forum  from 
Gary  Carruther,  the  decision  was  made  that  if  the  Sinbad  Valley  unit  is  to  be 
implemented,  BLM  would  do  it.   BLM  has  recommended  through  the  Washington 
Office  that  Sinbad  be  transferred  to  the  Bureau  of  Reclsimation.   Final 
transfer  is  awaiting  Secretary  approval. 

Comprehensive  Salinity  Control  Program 

This  section  of  the  act  is  the  only  legislation  that  I  am  aware  of  concerning 
water,  in  which  the  BLM  is  specifically  mentioned  and  is  required  to  deliver  a 
product  by  a  specific  date.  This  report  will  require  a  multi-state  effort  and 
coordination  on  this  report  should  begin  as  soon  as  possible.   Salinity 
control  opportunities  exist  for  the  BLM  in  the  following  areas: 

1.  Watershed  improvement  structures 

2.  Mine  spoil  piles 

3.  Oil  and  gas  discharge  waters 

4.  Stream  improvements 

5.  Grazing 

6.  ORV  usage 

7.  Project  maintenance 

8.  Soil  survey  inventories 

The  development  of  a  comprehensive  program,  for  minimizing  salt  contributions 
to  the  Colorado  River,  and  the  resulting  report  due  to  Congress  and  the 
Colorado  River  Basin  Salinity  Control  Advisory  Council  by  July  1,  1987, 
presents  a  major  task  for  BLM.  While  the  report  demands  a  significant 
workload  and  a  major  coordination  effort,  it  also  provides  great  opportunities 
for  new  and  creative  land  management  options  and  the  potential  for  cost 
sharing  with  the  Basin  States. 

The  implementation  of  watershed  improvements  on  moderately  saline  soils 
provides  management  options  which  not  only  benefit  water  users  in  the  Colorado 
River  Basin,  but  also  provide  range  and  wildlife  benefits  and  erosion  and 
flood  control.  These  watershed  improvement  projects  could  be  a  major  part  of 
BLM's  salinity  control  effort.  Salinity  "verification"  projects  which  would 
have  multiple-use  benefits  could  also  be  implemented. 

P.L.  98-569  provides  for  reimbursement  by  the  Basin  States  for  30  percent  of 
the  costs  of  construction,  operation,  maintenance,  and  replacement  of  the 
Department  of  the  Interior's  units  authorized  by  the  act.  A  similar  cost 
sharing  provision  could  be  recommended  for  BLM  salinity  control  projects 
through  the  1987  report  to  Congress.   It  is  these  multiple  use  projects  in 
which  BLM  stands  to  gain  credibility  with  both  the  downstream  water  users  in 
the  Colorado  River  Basin  and  onsite  land  users. 

Salinity  Control  Program  -  Pros /Cons 

Pros 

1.   Salinity  control  provides  the  opportunity  for  new  program  funding. 

Proposed  FY  1986  funding  levels  for  the  Bureau  of  Reclamation  and  the  Soil 
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Conservation  Service  are  30  million  dollars,  and  seven  million  dollars, 
respectively.  BLM  has  as  great  a  potential  for  doing  salinity  control  as 
either  of  these  agencies  and  at  a  low  cost  per  ton  of  salt  removed. 

2.  Mexico  has  a  large  vested  interest  in  salt  reductions  to  the  Colorado 
River,  thus,  there  are  international  ramifications  for  the  program. 

3.  New  Federalism.  Salinity  control  has  the  backing  of  the  seven  Basin 
States  (14  senators  and  124  representatives).   The  states  feel  so  strongly 
about  salt  reductions  in  the  basin  that  under  P.L.  98-569  they  are  cost 
sharing  salinity  control  work  with  both  USER  and  S.C.S. 

4.  For  FY  1983-1986,  the  executive  director  of  the  Colorado  River  Salinity 
Forum,  Jack  Bamett,  has  testified  before  the  House  Appropriations 
Subcommittee  requesting  additional  funds  over  and  above  the  budget 
requested  by  the  President  for  BLM  soil,  water,  and  air  subactivities.   In 
all  budget  years,  the  soil,  water,  and  air  program  received  the  funding 
level  the  Forum  requested. 

5.  Provides  the  BLM  with  the  opportunity  to  implement  many  rangeland 
improvements  which  provide  multiple-use  benefits. 

6.  Possibilities  exist  for  cost  sharing  with  the  Basin  States  for  rangeland 
improvements  and  other  management  on  saline  soils. 

7.  Maintenance  of  existing  structures  on  saline  soils  can  be  considered  as 
part  of  a  salinity  control  program.  Funds  are  desperately  needed  for 
maintenance  work. 

Cons 

1.  If  projects  are  located  on  highly  saline  soils,  they  become  single-use 
projects  with  little  onsite  benefits. 

2.  A  major  implementation  program  could  result  in  creating  more  problems  in 
the  future  that  could  require  perpetual  maintenance. 

3.  Salinity  control  has  a  bad  reputation  in  the  BLM,  because  past  efforts 
have  been  focused  on  grazing  reductions. 

4.  There  is  a  lack  of  policy  or  direction  in  the  Agency  concerning  salinity 
control.  This  is  primarily  a  result  of  ignorance. 
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MHIOrvATDa-I:     86-27 


TO:     Forum  &  Work  Group  r'enbers 


/J^^  FRQI:     Jack  A.  Earnett 
SUBJECT:     B.L.M.  Budget 


DATE:     P^ril  18,  1986 


GOVERNORS 

Bruce  Babbitt.  AZ 
George  Deukmejian.  CA 
Richard  D.  Lamm,  CO 
Richard  Bryan,  NV 
Toney  Anaya,  NM 
Norman  H.  Bangerter,  UT 
Ed  Herschier,  WY 

FORUM  MEMBERS 


Arizona 
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Wesley  Steiner 
Ronald  L  Miller 
Stewart  Udali 

lifornia 

Myron  B.  Holburt 
Walter  G.  Pettit 
Richard  E  Angelos 

Colorado 

David  W.  Robbins 
David  H.  Getches 
Robert  A.  Amott 

Nevada 

Jack  L  Stonehocker 
Lewis  H.  Dodgion 
Roland  D.  Westergard 

New  Mexico 

Stephen  E.  Reynolds 

Utah 

D.  Larry  Anderson 
Calvin  K.  Sudweeks 

Wyonning 

George  L  Christopulos 
William  L  Garland 

EXECUTIVE  DIRECTOR 

Jack  A  Bamett 
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Enclosed  you  v;ill  find  a  copy  of  proposed 
testiiDony  in  support  of  the  Bureau  of  land  Management's 
Budget.  Testimony  is  similar  to  last  years  testimony 
and  includes  in  the  last  paragraph  some  specific 
funding  requests  as  recommended  in  the  Advisory  Council 
Report,  I  \vould  appreciate  Forum  and  Work  Group 
members  reviev/ing  the  testimony  and  advising  me  on  or 
before  April  29th  of  any  changes  that  need  to  be  made 
to  the  testimony.  This  is  the  last  of  the  testimonies 
that  need  to  be  prepared  for  the  Congress  this  year. 
Forum  and  Work  Group  members  will  receive  copies  of  all 
of  the  testimonies  as  they  are  placed  in  final  form.'"'  ' 
your  support  of  the  requested  appropriations  should  be 
expressed  to  your  Senator  or  Congressman  and  their 
staff  at  every  opportunity  if  we  are  to  succeed  in 
getting  the  funds  needed  this  year  for  salinity 
control. 
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Proposed 
Statement  of 
the 

COIDRADO  RIVER  B^IN  SPHIRTY  COLTROL  FORUI 

to  the 

COICIIITEE  ON  APPR0PRIATI0I3S 
SUECOmHITEE  OU   lOTERIOR 
SEI3ATE 

presented  by 
JACK  A.  BARI^ETT,  EXECUTIVE  DIRECTOR 
April  29,  1986 


Requesting  additional  funds  over  and  above  the  FY 
87  budget  request  by  the  President  for  Bureau  of  Land 
Ilanageinent  Renewable  Resource  Management  activities, 
particularly  with  respect  to  the  subactivities  under 
the  classification  of  Soil,  V7ater  and  Air  Management. 
Funds  requested,  $16,544,000;  funds  identified  in  the 
President's  budget,  $14,469,000. 

The  waters  of  the  Colorado  River  system  serve  some 
17  million  people  and  irrigate  about  1.6  million  acres 
in  the  seven  Colorado  River  Basin  states.  The  river 
also  provides  domestic  and  irrigation  v;ater  to  Mexico. 
Salinity  has  long  been  recognized  as  one  of  the  major 
probleriTS  in  the  river.  Water  users,  situated  lov;er  in 
the  river  system,  iiave  suffered  significant  adverse 
impacts  due  to  the  river's  salinity.  It  has  been 
estimated  that  salinity  damages  have  occurred  in 
amounts  over  $100  million  a  year.  Without  salinity 
control  m.easures,  and  with  increased  de-nands  for 
Colorado  River  water  in  the  Basin,  the  river's  salinity 
is  projected  to  increase,  further  impairing  the 
usefulness  of  this  water  supply,  and  it  is  projected 
that  the  economic  damages  suffered  by  v;ater  users  will 
double  by  the  turn  of  the  century  without  salinity 
control. 

The  Basin  states  concerns  v/ith  the  river's 
increasing  salinity  led  them  to  create  the  Colorado 
River  Basin  Salinity  Control  Forum  in  1973.  The  Forum, 
V7hose  members  are  appointed  by  the  governors  of  the 
respective  states,  developed  a  salinity  control  policy 
tliat  calls  for  maintaining  salinity  concentrations  at 
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or  below  those  levels  found  in  the  lov/er  river  in  1972  v/hile  the  Basin 
states  continue  to  develop  their  conpact  apportioned  waters.  The  Forum  has 
a  continuing  responsibility  to  see  that  a  salinity  control  plan  is  inple- 
mented  to  meet  the  policy  objectives. 

In  1974,  after  discussion  betv/een  the  federal  government,  the  Republic 
of  MeKico,  and  the  seven  Colorado  River  Basin  states.  Congress  enacted  the 
Forum  sponsored  Colorado  River  Basin  Salinity  Control  Act  (P.L.  93-320), 
Title  I  of  the  Act  established  a  program  to  reduce  the  concentration  of 
salts  in  the  Colorado  River  below  Imperial  Dam,  the  last  diversion  point  in 
the  Iliited  States,  so  tliat  the  United  States  could  honor  its  comrnitiiTents  to 
Mexico,  In  Title  II,  the  Act  established  a  prograiii  v/hich  allov/ed  the 
states  and  the  federal  government  to  \K)rk   together  to  prevent  salinity 
increases  in  the  Colorado  River  above  Iiiperial  Dam,  benefiting  users  in  the 
liiited  States  as  v/ell  as  Mexico.  The  1974  Act  also  created  a  Colorado 
River  Basin  Salinity  Control  Advisory  Council,  composed  of  governor 
appointed  representatives  of  the  Basin  states,  to  advise  the  Secretaries  of 
the  Interior  and  Agriculture  and  the  Administrator  of  the  Environmental 
Protection  Agency  as  to  needed  annual  adjustments  to  the  salinity  control 
effort. 

In  1984,  Congress  enacted  much  needed  amendments  to  the  1974  Act  that 
were  advanced  by  the  Forum,  The  amendments.  Public  lav;  98-569,  authorized 
additional  activities  for  the  Departments  of  the  Interior  and  Agriculture 
that  are  needed  in  order  to  meet  the  objectives  of  the  act.  In  recognition 
of  the  vast  amount  of  Federal  land  v/ithin  the  Basin,  managed  by  the  Bureau 
of  Ixind  Management  (Bli''.)  the  Congress  assigned  certain  responsibilities. 
This  included  a  requirement  that  an  appraisal  of  the  amount  of  salt  being 
contributed  to  the  river  by  Bli  I  managed  lands,  v/ith  a  report  due  back  to 
the  Congress  by  July,  1987, 

Salinity  is  one  of  the  major  problems  in  the  Colorado  River  system. 
It  is  inperative  that  the  salinity  control  activities  of  the  Bli'l  not  be 
curtailed  and  that  adequate  funding  be  appropriated  in  1987  so  tliat  the 
Congress ionally  directed  salinity  objectives  can  be  achieved.  Tiierefore, 
v/e  request  tliat   the  funds  for  the  BIi-1  as  identified  in  the  opening  para- 
graph of  this  statenent  be  appropriated  by  the  Congress.  Of  the  funds 
appropriated  for  Soil,  Water  and  Air  Management  v;e  believe  that  with 
respect  to  salinity  control  in  the  Colorado  River  Basin  there  should  be 
spent  $240,000  for  Planning  activities,  $400,000  on  Project  VJork,  $525,000 
on  Inventory  in  search  of  potential  salinity  control  ares,  emd  $125,000 
for  Monitoring  of  already  completed  control  measures. 

The  Forum  appreciated  the  opportunity  to  testify  on  this  iirportant 
matter  and  we  offer  our  continued  cooperation  with  the  Federal  entities  as 
\'/e  collectively  look  for  cost  effective  v/ays  to  maintain  the  quality  of  the 
river. 
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POLICY  FOR  IMPLEMENTATION 
OF  THE  COLORADO  RIVER  SALINITY  STANDARDS 
THROUGH  THE  NPDES  PERMIT  PROGRAM 

Prepared  By 

The  Colorado  River  Basin  Salinity  Control  Forum 

February  2^,  1977 

In  November  1976,  the  United  States  Environmental  Protection 
Agency  Regional  Administrators  notified  each  of  the  seven  Colorado 
River  Basin  states  of  the  approval  of  the  v/ater  quality  standards 
for  salinity  for  the  Colorado  River  System  as  contained  in  the 
document  entitled  "Proposed  V7ater  Quality  Standards  for  Salinity 
Including  Numeric  Criteria  and  Plan  of  Implementation  for  Salinity 
Control,  Colorado  River  System,  June  1975",  and  the  supplement  dated 
August  25,  1975.   The  salinity  standards  including  numeric  criteria 
and  a  plan  of  implementation  provide  for  a  flow  weighted  average 
annual  numeric  criteria  for  three  stations  in  the  lower  mainstem  of 
the  Colorado  River:   below  Hoover  Dam,  below  Parker  Dam  and  at 
Imperial  Dam. 

The  Plan  of  Implementation  is  comprised  of  a  number  of  Federal 
and  non-Federal  projects  and  measures  to  maintain  the  flow-weighted 
average  annual  salinity  in  the  Lower  Colorado  River  at  or  below 
numeric  criteria  at  the  three  stations  as  the  Upper  and. Lower  Basin 
states  continue  to  develop  their  compact-apportioned  waters.   One  of 
the  components  of  the  Plan  consists  of  the  placing  of  effluent  limi- 
tations, through  the  National  Pollutant  Discharge  Elimination  System 
(NPDES)  permit  program,  on  industrial  and  municipal  discharges. 

The  purpose  of  this  policy  is  to  provide  more  detailed  guidance 
in  the  application  of  salinity  standards  developed  pursuant  to  Sec- 
tion 303  and  through  the  NPDES  permitting  authority  in  the  regulation 
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of  municipal  a-nd  industrial  sources.   [See  Section  402  of  the 
ederal  Water  Pollution  Control  Act.]  This  policy  is  applicable  to  ^^^ 
discharges  that  would  have  an  impact,  either  direct  or  indirect  on   '"^ 
the  lower  .ainste.  of  the  Colorado  River  Syste..   The  lower  .ainsten 
xs  defined  as  that  portion  of  the  main  river  from  Hoover  Dam  to 
Imperial  Dam. 

I.   Industrial  Sources 

The  Salinity  Standards  state  that  "the  objective  ^or 
discharges  shall  be  a  no-salt  retur.  policy  whenever  practicable." 
Thxs  is  the  policy  that  shall  be  followed  in  issuing  NPDES 
discharge  penults  for  air' new  industrial  sources,  and  upon  the 
reissuance  of  permits  for  all  existing  industrial  sources, 
except  as  provided  herein.  The  following  addresses  those  cases 
I   Where  no-discharge  of  salt  may  be  deemed  not  to  be  practicable.    -. 
^   A.    New  Construction. 

1.   "--  =°nstr-.ction  is  defined  as  any  facility  from  Which 
a  discharge  may  occur,  the  construction  of  which  is 
commenced  after  October  18,  1975.   [Date  of  submittal 
of  water  quality  standards  as  required  by  40  CFH  120, 
December  11,  1974.]  Appendix  A  provides  guidance  on' 
new  construction  determination. 

a.  The  permitting  authority  may  pei^t  the  discharge 
of  salt  upon  a  satisfactory  demonstration  by  the 
per^tee  that  it  is  not  practicable  to  prevent  the 
discharge  of  all  salt  from  proposed  new  construction. 
I  '        b.   The  demonstration  by  the  applicant  must  include 
W  infonnation  on  the  following  factors  relating  to      c"' 

the  potential  discharge:  ''-^ 

(1)   Description  of  the  proposed  new  constn^ction.       i 
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(2)  Description  of  the  quantity  and  salinity 
of  the  water  supply. 

(3)  Description  of  water  rights,  including 
diversions  and  consumptive  use  quantities. 

(4)  Alternative  plans  that  could  reduce  or 
eliminate  salt  discharge.  Alternative 
plans  shall  include: 

(a)  Description  of  alternative  water  supplies, 
including  provisions  for  water  reuse, 

if  any. 

(b)  Description  of  quantity  and  quality  of 
proposed  discharge. 

(c)  Description  of  how  salts  removed  from 
discharges  shall  be  disposed  of  to  prevent 
such  salts  from  entering  surface  waters 

or  ground  water  aquifers, 

(d)  Costs  of  alternative  plans  in  dollars 
per  ton  of  salt  removed. 

(5)  Of  the  alternatives,  a  statement  as  to  the 
one  plan  for  reduction  of  salt  discharge  that 
the  applicant  recommends  be  adopted. 

(6)  Such  other  information  pertinent  to  demon- 
stration of  non-practicability  as  the 
permitting  authority  may  deem  necessary. 

In  determining  what  permit  conditions  shall  be 
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required,  the  permit  issuing  authority  shall       * 
consider,  but  not  be  limited  to  the  following: 

(1)  The  practicability  of  achieving  no  discharge  i 
of  salt, 

(2)  Where  no-discharge  is  determined  not  to  be 
practicable: 

(a)  The  impact  of  the  total  proposed  salt 
discharge  of  each  alternative  on  the 
lower  mainstem  in  terms  of  both  tons 
per  year  and  concentration. 

(b)  Costs  per  ton  of  salt  removed  from  the 
discharge  for  each  plan  alternative, 

(c)  Capability  of  minimizing  salinity 
discharge. 

(3)  With  regard  to  both  points,  one  and  two  above, 
the  compatibility  of  state  water  laws  with 
either  the  complete  elimination  of  a  salt 
discharge  or  any  plan  for  minimizing  a  salt 
discharge. 

(4)  The  no-salt  discharge  requirement  may  be 
waived  in  those  cases  where  the  salt  load 
reaching  the  mainstem  of  the  Colorado  River  is 
less  than  one  ton  per  day  or  350  tons  per  year, 
whichever  is  less.  Evaluation  will  be  made  on 
a  case-by-case  basis. 

B.   Existing  Facilities 

1.  The  permitting  authority  may  permit  the  discharge  of 

salt  upon  a  satisfactory  demonstration  by  the  permittee 
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that  it  is  not  practicable  to  prevent  the  discharge 
1^  of  all  salt  from  an  existing  facility. 

W  2,   The  demonstration  by  the  applicant  must  include 

information,  in  addition  to  that  required  under 

Section  I,A,l,b;  the  following  factors  relating  to 

the  potential  discharge; 

(a)  Existing  tonnage  of  salt  discharged  and  volume 
of  effluent. 

(b)  Cost  of  modifying  existing  industrial  plant  to 
provide  for  no  salt  discharge. 

(c)  Cost  of  salt  minimization. 

3.  In  determining  what  permit  conditions  shall  be  required, 
the  permit  issuing  authority  shall  consider  the  items 
presented  under  I,a,l,c  (2),  and  in  addition; 

B  The  annual  costs  of  plant  modification  in  terms 

of  dollars  per  ton  of  salt  removed  for: 

a)  No  salt  return. 

b)  Minimizing  salt  return. 

4.  The  no-salt  discharge  requirement  may  be  waived  in 
those  cases  where  the  salt  load  reaching  the  main- 
stem  of  the  Colorado  River  is  less  than  one  ton  per 
day  or  350  tons  per  year,  whichever  is  less.   Evalua- 
tion will  be  made  on  a  case-by-case  basis. 

II.  Municipal  Discharges 

The  basic  policy  is  that  a  reasonable  increase  in  salinity 
shall  be  established  for  municipal  discharges  to  any  portion  of 
I     the  Colorado  River  stream  system  that  has  an  impact  on  the  lower 
mainstem.   The  incremental  increase  in  salinity  shall  be  i+00  mg/l 
or  less,  which  is  considered  to  be  a  reasonable  incremental 
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increase  above  the  flow  weighted  average  salinity  of  the 
intake  water  supply. 

A.  The  permitting  authority  may  permit  a  discharge  in  excess  •;:^ 
of  the  400  mg/l  incremental  increase  at  the  time  of 
issuance  or  reissuance  of  a  NPDES  discharge  permit,  upon 
satisfactory  demonstration  by  the  permittee  that  it  is 

not  practicable  to  attain  the  400  mg/l  limit. 

B.  Demonstration  by  the  applicant  must  include  information 
on  the  following  factors  relating  to  the  potential 
discharge: 

1.  Description  of  .-the  municipal  entity  and  facilities. 

2.  Description  of  the  quantity  and  salinity  of  intake 
water  sources. 

3.  Description-  of  significant  salt  sources  of  the  municipal 
waste-water  collection  system,  and  identification  of 
entities  responsible  for  each  source,  if  available.    ,_..^ 

4.  Description  of  water  rights,  including  diversions 
and  consumptive  use  quantities. 

5«   Description  of  the  waste  water  discharge,  covering 

location,  receiving  waters,  quantity,  salt  load,  and 

salinity. 
6.  Alternative  plans  for  minimizing  salt  contribution 

from  the  municipal  discharge.  Alternative  plans 

should  include: 

(a)  Description  of  system  salt  sources  and  alternative 
means  of  control 

(b)  Cost  of  alternative  plans  in  dollars  per  ton,  of 
salt  removed  from  discharge. 
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7.   Such  other  information  pertinent  to  demonstration 
of  non-practicability  as  the  permitting  authority 
may  deem  necessary. 
C.    In  determining  what  permit  conditions  shall  be  required, 

the  permit  issuing  authority  shall  consider  the  following 

criteria  including,  but  not  limited  to: 

1.  The  practicability  of  achieving  the  400  mg/l  incremen- 
tal increase. 

2.  Where  the  400  mg/l  incremental  increase  is  not  dete]>- 
mined  to  be  practicable: 

(a)  The  impact  .of  the  proposed  salt  input  of  each 
alternative  on  the  lower  mainstem  in  terms  of 
tons  per  year  and  concentration. 

(b)  Costs  per  ton  of  salt  removed  from  discharge 
of  each  alternative  plan. 

(c)  Capability  of  minimizing  the  salt  discharge. 

D.  If,  in  the  opinion  of  the  permitting  authority,  the  data 
base  for  the  municipal  waste  discharger  is  inadequate, 

the  permit  will  contain  the  requirement  that  the  municipal 
waste  discharger  monitor  the  water  supply  and  the  waste- 
water discharge  for  salinity.   Such  monitoring  program 
shall  be  completed  within  2  years  and  the  discharger 
shall  then  present  the  information  as  specified  above. 

E,  Requirements  for  establishing  incremental  increases  may 
be  waived  in  those  cases  where  the  incremental  salt  load 
reaching  the  mainstem  of  the  Colorado  River  is  less  than 
one  ton  per  day  or  350  tons  per  year  whichever  is  less. 
Evaluation  will  be  made  on  a  case-by-case  basis. 
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F,   All  new  and  reissued  NPDES  permits  for  all  municipalities  /.-^ 
shall  require  monitoring  of  the  salinity  of  the  intake 
water  supply  and  the  wastewater  treatment  plant  effluent 
in  accordance  with  the  following  guidelines: 

Treatment  Plant  Monitoring  .  Type  of 

Design  Capacity  Frequency  Sample 

<  1.0   MjD  Quarterly  Discrete 

1.0  -  5.0  MGD  Monthly  Composite 

5.0  -  50.0  MGD  Weekly  Composite 

)>50.0   M3D  *     Daily  Composite 

1,  Analysis  for  salinity  may  be  either  as  total  dissolved 
solids  (TDS)  or  by  electrical  conductivity  where  a 
satisfactory  correlation  with  TDS  has  been  established. 
The  correlation  should  be  based  on  a  minimum  of  five 
different  sainples. 

2.  Monitoring  of  the  intake  water  supply  may  be  at  a 
reduced  frequency  where  the  salinity  of  the  water 
supply  is  relatively 'uniform. 
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APPENDIX  A 
GUIDANCE  ON  Nm   CONSTRUCTION  DETERMINATION 

For  purposes  of]  determining  a  new  construction,  a  source  should  be 
considered  new  if  by  October  iS,    1975>  there  has  not  been: 

(1)  Significant  site  preparation  work  such  as  major  clearing 
or  excavation;  and/or 

(2)  Placement,  assembly,  or  installation  of  unique  facilities 
or  equipment  at  the  premises  where  such  facilities  or 
equipment  will  be  used;  and/or 

(3)  Ajiy  contractual  obligation  to  purchase  unique  facilities 
or  equipment.   Facilities  and  equipment  shall  include 
only  the  major  items  listed  below,  provided  that  the 
value  of  such  items  represents  a  substantial  commitm.ent 
to  construct  the  facility: 

(a)  structures;  or 

(b)  structural  materials;  or 

(c)  machinery;  or 

(d)  process  equipment;  or 

(e)  construction  equipment, 

(4)  Contractual  obligation  with  a  firm  to  design,  engineer, 
and  erect  a  completed  facility  (i.e.,  a  turnkey  plant). 
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1985   ANNUAL    REPORT   ON   THE    COLORADO    RIVER  BASIN 
SALINITY   CONTROL    PROGRAM 

COLORADO    RIVER  BASIN    SALINITY 
CONTROL   ADVISORY   COUNCIL 

February  1986 
Background 

Public  Law  93-320,  the  "Colorado  River  Basin  Salinity 
Control  Act  of  1974,"  authorized  construction,  operation,  and 
maintenance  of  certain  works  in  the  Colorado  River  Basin  to 
control  the  salinity  of  water  available  in  the  Colorado  River 
for  use  in  the  United  States  and  Mexico.  Section  204  of  the 
Act  established  a  Colorado  River  Basin  Salinity  Control  Ad- 
visory Council.  A  Charter  for  the  Council  was  originally 
approved  by  the  Secretaries  of  the  Interior  and  Agriculture 
and  the  Administrator  of  the  Environmental  Protection  Agency 
on  February  6,  1976,  and  revised  on  June  22,  1976  and 
subsequently  renewed  in  1978,  1980,  1982,  and  October  5, 
1984. 

The  Council  is  comprised  of  up  to  three  members, 
appointed  by  the  Governor,  from  each  of  the  seven  Colorado 
River  Basin  states.  The  current  membership  is  shown  on 
Attachment  A.  During  1985,  David  Robbins,  Colorado,  served 
as  Council  Chairman  and  Myron  Holburt,  California,  as  Vice 
Chairman.  The  permanent  Work  Group  of  the  Colorado  River 
Basin  Salinity  Control  Forum  continues  to  serve  the  Council 
in  the  capacity  of  a  technical  review  and  study  team.  Ernest 
M.    Weber,    California,    is   Chairman   of    the   Work   Group.      The 
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that  meeting,    the  Council   received   status   reports   from   the 
federal   agencies    involved    in    salinity  control. 

Council  Comments  and  Recommendations 
The  Council  offers  the  following  comments  and 
recommendations  on  the  salinity  control  activities  of  the 
federal  agencies.  The  reports:  "1985  Joint  Evaluation  of 
Salinity  Control  Programs"  November  1985  and  "Seventh  Annual 
Progress  Report  -  Water  Quality  Standards  for  Salinity  - 
Colorado  River  System"  December  1985,  describe  the  individual 
salinity  control  projects  and  their  status.  Therefore,  the 
Council  will  make  no  attempt  to  repeat  this  information  in 
this   annual    report   as   has   been  done    in   the   past. 

W         General  Comments 

On  October  30,  1984,  the  Colorado  River  Basin  Salinity 
Control  Act,  P.L.  93-320,  was  amended  by  the  passage  of  P.L. 
98-569.  In  that  legislation,  Congress  mandated  that  several 
new  or  revised  programs  or  efforts  be  implemented  by  the 
Departments  of  the  Interior  and  Agriculture  and  the  Council 
looks  forward  to  the  timely  implementation  of  the  directives. 
The  Council  wishes  to  thank  the  federal  agencies  for  their 
assistance  and  support  in  securing  the  passage  of  P.L. 
98-569. 

The    Council    wishes    to   commend    the    Department    of    the 
^  Interior   and   the   Department  of  Agriculture   on   the   publication 

^  ■        of     the     jointly    prepared     1985    Evaluation    Report.        It 
represents      a      vast      improvement     over      the      previous      year's 
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projects  include:  Glenwood-Dotsero  Springs,  Price-San  Rafael 
Rivers,  San  Juan  River,  LaVerkin  Springs,  Lower  Virgin  River, 
Big  Sandy  River,  Upper  Virgin  Valley,  Virgin  Valley,  Mancos 
Valley,  Moapa  Valley,  Colorado  River  Indian  Reservation,  Palo 
Verde    Irrigation  District,    and  Little  Colorado  River. 

Bureau   of   Reclamation    (Reclamation) 

Paradox  Valley  Unit.  The  Council  is  heartened  by  the 
progress  shown  on  the  Paradox  Valley  Unit  and  urges  continued 
efforts  to  expedite  the  processing  of  the  proposals  for 
drilling  of  the  Paradox  Valley  Unit  Injection  Test  Well  No. 
1. 

Grand  Valley  Unit.  The  Colorado  Water  Conservation 
Board  and  Reclamation  are  to  be  commended  for  their 
cooperative  efforts  to  organize  the  private  laterals  in  the 
Grand  Valley  into  contracting  entities.  Reclamation  should 
continue  to  fund  and  expedite  this  activity.  Staged 
construction  on  Stage  Two  of  the  unit  should  be  initiated 
during    1986. 

Las  Vegas  Wash  Unit.  Reclamation  should  continue  with 
the  effluent  monitoring  program  established  in  the  Wash  to 
evaluate  the  effectiveness  of  the  Pittman  Bypass.  Reclama- 
tion should  also  proceed  with  the  start  of  construction  of 
the  verification  phase  of  a  ground  water  barrier  detention 
basin   in   the   Whitney   area. 

Dolores  Project  (McElmo  Creek  Unit).  The  Council 
supports    continued    implementation   of    authorized    salinity 
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cooperative  cost-sharing  efforts  between  federal  and  state 
government,  utilities,  and  private  industry.  The  Council 
looks   forward   to   the    results   of    this   verification   program. 

In  regard  to  another  potential  use  by  the  power 
industry.  Reclamation  should  proceed  with  the  use  of  a 
consultant  to  study  the  onsite  saline  water  use  at  the 
proposed  Harry  Allen  Power  Plant  in  Nevada.  In  addition. 
Reclamation  should  continue  to  study  the  potential  saline 
water  supplies  and  alternative  water  uses  from  the  Lower 
Virgin  River  Unit.  This  unit  should  be  given  priority  and 
Advance   Planning    initiated   in   FY   1988. 

Reclamation  has  undertaken  a  preliminary  evaluation  of 
the  use  and  disposal  of  Glenwood  Springs  saline  water  using 
the  concept  of  growing  salt  tolerant  emergent  plants.  This 
unique  technology  appears  to  offer  some  potential  for 
salinity  reduction  at  other  sites  within  the  basin.  The 
Council  believes  this  technology  offers  some  promise  for  the 
economical  use  and  disposal  of  saline  water  and  supports  the 
current  study.  However,  before  further  detailed  studies  are 
made,  the  Council  feels  that  a  small-scale,  field 
verification  of  the  concept  should  be  undertaken.  This  study 
should  not  only  test  the  ability  to  grow  the  proposed  crops 
but  also  the  use  and  marketability  of  those  products  and  the 
impacts   of    this    technology   on   salinity. 

Other.  The  Council  supports  current  study  efforts  by 
Reclamation  to  update  the  economic  impacts  of  salinity 
control    in   the  Basin. 
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U.S.    Geologic  Survey    (USGS) 

The  Council  has  become  increasingly  concerned  over  the 
reduction  in  the  number  of  gaging  stations,  both  those 
measuring  stream  flow  and  water  quality,  which  are  being 
maintained  by  the  USGS.  The  Council  questions  whether  the 
network  will  continue  to  be  adequate  to  meet  the  needs  of  the 
basinwide  salinity  control  program.  The  Council  believes 
that  it  is  a  federal  obligation  to  provide  the  necessary 
information   to  carry  out   this  program. 

The  Council  recommends  that  no  further  reduction  in  the 
data  collection  program  be  made  at  this  time.  Further  the 
Council  recommends  that  the  Survey,  in  consultation  with  the 
Forum  Work  Group,  develop  a  data  collection  and  evaluation 
program  which  will  adequately  monitor  Colorado  River 
salinity. 

The  continuing  cooperative  efforts  between  USGS, 
Reclamation,  and  Agriculture  in  improving  the  data  base  for 
both  water  and  salt  and  in  developing  better  methodologies  to 
evaluate  the  data  base  as  well  as  salinity  impacts  are  to  be 
commended   and   continued. 

Department  of  Agriculture    (US DA) 

The  USDA  should  continue  its  efforts  to  get  line  item 
funding    for    the   Salinity  Control  Program. 

Grand   Valley   Unit.       The    Council    is    pleased    with    the 

progress     in     the    Grand    Valley     area,      specifically     the 

monitoring    and   evaluation  program,    and   supports   the  continued 

effort. 
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basin  wide  salinity  control  program.  The  Council  has  become 
concerned  with  the  recent  lack  of  attention  given  to  Colorado 
River  Basin  salinity  by  EPA.  We  urge  EPA  to  restore  the 
level  of  priority  given  to  the  salinity  issue.  The  Council 
requests  that  EPA  apply  the  Forum  policies  related  to  the 
approval  of  the  NPDES  permits  where  EPA  is  responsible  for 
issuing    such   permits. 

Finally,  the  Council  urges  EPA  to  work  with  the  states 
in  order  to  assure  expeditious  approval  of  the  individual 
state    adopted    triennial   reviews. 

Budget  Recommendations 

The     following     tabulation     contains     the    Council's 

P)         recommendations    for    appropriations    for    FY    1987    and    FY    1988. 

Tentative    recommendations    for   FY    1989    funding    to   provide 

program   continuity  are    also  offered. 

Fiscal  Years 
(In   lOOO's  of   $) 


Tentative 
1987  1988  1989 


DEPARTMENT   OF    THE    INTERIOR 
Bureau   of   Reclamation 

Construction 

Paradox  Valley 

Grand  Valley 

Las  Vegas  Wash 

Lower   Gunnison  Basin 

(Stage    1   -  Winter   Water) 

Dolores    (McElmo  Creek)  -  -  2/ 


12,000 

6,000 

4,000 

12,000 

20,000 

25,000 

looV 

2,000 

500 

— 

10,000 

10,000 

Subtotal  24,100  38,000  39,500 
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DEPARTMENT   OF   AGRICULTGRE 

Colorado  River   Salinity 
Control  Program 

Federal  Cost  Share—/ 

Technical   and  Program 
Support^/ 


4,000 
2,000 


5,000 
2,000 


8,000 
3,000 


TOTAL    -   US DA 


6,000 


7,000 


11,000 


Conclusion 
The  Council  wishes  to  express  its  appreciation  for  the 
opportunity  to  submit  its  comments  and  suggestions  to  the 
federal  agencies.  The  Council  is  pleased  with  the  efforts 
put  forth  in  FY  1985.  With  the  passage  of  new  salinity 
legislation,  the  Council  looks  forward  to  significantly 
greater   accomplishments    in   the   ensuing   years. 


— /  Recommended  total  FY  1987  program  of  $1.1  million, 
includes   $1.0    million    in  FY   1986    funds. 

—'  Advance  planning  and  construction  will  be  a  component  of 
the    Dolores    Project. 

— /  Does  not  include  private- joint  venture  funding  for 
industrial   use   of    saline    water. 

—'  Program  transferred  from  BLM  to  Reclamation  and  Advance 
Planning    initiated    in    1988. 

—/  Federal  salinity  cost  share  funds  to  be  administered  by 
ASCS  (with  30  percent  reimbursement  from  the  Basin  Funds 
subject    to  P.L.    98-569). 


6/ 


Includes  funds  for  SCS,  Extension  Service,  and  research 
agencies  for  technical  assistance,  monitoring,  planning, 
education,  and  research  activities  (no  reimbursement, 
subject   to  P.L.    98-569). 
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Attachment  #1 
Page  1  of  2 
3/20/85 


SALINITY  COST-EFFECTIVENESS  ANALYSIS  AGREEMENTS: 


I.   Applicable  program  costs: 
DOI: 


USDA: 


Total  salinity  const- 
ruction costs  including 
lands  and  rights  and 
engineering. 


1.  Total  Federal  cost- 
share  expenses  for 
construction. 


2.  IDC  (Interest  During 
Construction)  -  Economic 

3.  Salinity  OM&R  costs. 


4.  Economic  cost  of 
power. 

5.  Advance  planning  costs. 


6.   M  &  E  (Monitoring  and 
Evaluation)  costs. 


7. 


Habitat  costs  including 
capital  investments 
and  OM&R. 

Research  costs  excluded. 


2.   IDC 


3.  Replacement  component 
whether  Federal  or 
local  cost. 

4.  Local  O&M  costs,  in- 
cluding energy  costs, 
are  excluded. 

5.  Technical  assistance, 
conservation  planning, 
and  engineering  costs. 

6.  M  &  E  costs. 


7.  Federal  capital 
investments  for 
habitat. 

8.  Information  and 
education  costs. 

9.  Local  cost-share 
expenses,  including 
habitat  costs,  are 
excluded. 

10.  ARS,  CSRS,  and  Experi- 
ment Station  costs  are 
excluded. 
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Attachment  #1 
Page  2  of  2 
3/20/85 

SALINITY  COST-EFFECTIVENESS  ANALYSIS  AGREEMENTS: 

II.   DOI  and  USDA  will  use  the  8-3/8  percent  discount  rate 
for  plan  formulation  and  evaluation  during  FY  1985  for 
analysis  of  cost-effectiveness. 

III.   DOI  and  USDA  will  index  all  costs  to  October  1984  dollars 
using  the  8-3/8  percent  discount  rate  for  analysis  of  cost- 
effectiveness. 

IV.   DOI  and  USDA  will  use  a  50-year  period  for 
cost-effectiveness  analysis. 
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Attachment  #2 
3/20/85 


BASIN  FUND  REPAYMENT  CRITERIA: 

I.   Applicable  program  costs: 

DOI:  (75-25)  -  PL  93-320 
(70-30)  -  PL  98-569 

1.   Total  salinity  con- 
struction costs  including 
land  and  rights  and 
engineering. 


2.   IDC  -  Financial 


USDA:  (70-30)  -  PL  98-569 


Total  Federal  salinity 
cost-share  expenses 
including  on-farm, 
canal  and  lateral,  and 
habitat  replacement 
capital  costs. 

IDC 


3.  Salinity  OM&R  costs. 

4.  Financial  cost  of  power. 

5.  Advance  planning  costs 
incurred  after  construction 
authorization. 

6.  M  &  E  costs. 

7.  Habitat  costs  including 
capital  investments  and 
OM&R. 


II.   IDC  will  be  adjusted  annually  and  computed  at  the  interest 
rate  specified  in  P.L.  98-569. 


( 

( 


B^C  WORKSHEET 
Compute  Costs 


Project  Costs  (All  done  1  yr) 
Operation  and  Maintenance  (annual) 
Monitoring  (annual) 


Present  Value 

Project  Cost 

Operation  and  Maintenance 

Monitoring 

P.V.  Costs  Total 


Compute  Benefits 


Project  Benefits  (annual) 

1.  Range 

2.  Wildlife 

3.  Salt 

4.  Sediment 

Present  Value 

Total  B 


B/C  Ratio 

P.V.  Benefit/P.V.  Costs 


Net  Value  Computation 

P.V.  Benefits  -  P.V.  Costs 


P.V. 


c 


( 


I 
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CONTOUNO  IMTEtEST  AND  AMNUITT  TAiLES  FOft 
••)7S0  KRCEKT 


•to.           MESENT 

AII08T1- 

ME  SENT 

•AOUMT   OP 
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Mr  1 7  1SS5 


To;      Director  (220),  Praoier  Soildlag,  Sooa  909 

» 

Froa:     S&aca  Director,  Colorado 

Subject:  Colorado  Price  List  for  Updacia?  Sageraa  Hodal 
for  1984  Values 

The  folloving  Tebla  is  tirts  Colorado  price  liat  representing  1984 
values  for  the  Sageraa  ^Icdel*  These  values,  once  prograsssed,  will 
be  used  la  Che  77  1985  rangeland  benefit-cost  analysis. 

1984  Colorado 'Price  List 

Cutputa  Value 

Livestock  (Ad^'a)  $  3,92 

Deer  (An 'a)                 ^  45.56 

Slk  (au*3)                .^  130.63 

iiat elope  (AC '3)  13.04*              H^ 

ether  3ig  Gaoe  Hasting  (Eanter  Day)  22.06*             ^  ;3 

^t  erf  owl  Hunting  (Hunter  Day)  6.46*           ^  O  ^  - 

•*ara  tJater  Angling;  (ADa)  3.58*           7^    j  \ 

Cold  Water  Angling  (ADs)  3.55*         yf^^^              "^ 

Dispersed  Use  (Becreatioa  Day)  3.3S*          %   J 


*SPA  Values  for  1932,  update  using  Consuacr  Price  lades  (CPI) . 

Wildlife  values  are  from  a  1980  sxirvey  by  the  Colorado  Division  of 
^ai  Id  11, fa  and  were  also  irodated  uains  the  CPI. 


/s/  Kanncn  RicharcJs 


sec: 

•^  (240),  Preinier  Building,  Room  903 

DSC-470  (juckWest),  DMs  TDanna: has: 5/16/35: 71 16 
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Compute  Cost 


Planning  Costs 
Construction  Costs 
0  &  M  Costs 
Monitoring  Costs 

Total  Costs 


1 


COST  EFFECTIVENESS 


Actual 


P.V, 


P.V.  Total  Costs  -  50  =  Annual  Cost 


#) 


Compute  Salt  Reduction. 

Annual  Salt  reduction  per  yr 


$  Annual  P«V.  Cost/Yr  =  Annual  Cost  Effectiveness 
tons  1  yr 
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ii^y:   Table 


1.  -  Cost-effectiveness  Summary  in  Best  Cost-effectiveness 
Order  (From  Basic  Data  Table,  Appendix  A  -  1984  Values) 


Unit 


Onsite  at  Project  Area 


Projected 

Salt 
Reduction' 


Estimated 

Salt 
Reduction 
to  Date 


Annual 

Cost 
Effect- 
iveness 


(kton/yr)   (kton/yr)   ($/ton) 


■My 


Meeker  Dome  (BR) 

Virgin  Valley  (USDA) 

Las  Vegas  Wash,  Whitney  (BR)  V 

Lower  Gunnison,  WW  (BR) 

Las  Vegas  Wash,  Stg  II  (BR) 

Grand  Valley  (USDA) 

Las  Vegas  Wash,  Pittman  (BR)  1/ 

Big  Sandy  (USDA) 

Paradox  Valley  (BR) 

Lower  Gunnison  (USDA) 

Moapa  Valley  (USDA) 

Price-San  Rafael  Rivers  (BR) 

Mancos  Valley  (USDA) 

Uinta  Basin  (USDA)  -^ 

McElmo  Creek  (USDA) 

Lower  Virgin  River  (BR) 
Uinta  Basin  Stage  I  (BR) 
Dolores  Project  (BR) 
Grand  Valley  Stage  Two  (BR) 
Dirty  Devil  River  (BR) 

Sinbad  Valley  (BLM) 
Glenwood-Dotsero  Springs 
Grand  Valley  Stage  One  (BR) 
Lower  Gunnison  Stage  I  Balance  (BR) 
Grand  Valley  Stage  Two  Balance  (BR) 

Lower  Gunnison  N  Fork  (BR) 
San  Juan  River  (BR) 
Uinta  Basin  Stage  II  (BR) 
Price-San  Rafael  Rivers  (USDA) 
Big  Sandy  River  (BR) 
PVID  (BR/USDA) 


48.0 

48  3/ 

14 

37.2 

16 

10.0 

2/ 

-  - 

16 

74.3 

-  17 

66.0 

2/ 

17 

230.0 

27.3 

23 

7.0 

7 

24 

52.9 

25 

180.0 

32 

335.0 

32 

19.2 

35 

22.0 

47 

8.8 

56 

82.6 

15.6 

59 

38.0 

.  67 

270.0 

69 

25.5 

85 

23.4 

89 

120.3 

93 

20.6 

97 

7.5 

101 

287.0 

109 

24.0 

19.9 

123 

66.3 

- 

183 

23.2 

297 

Stage  I 

Best  estimates  at  this  time 

Cost  effectiveness  based  on  19,000  tons 
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IN  REPIT  »W€«  TO: 

CO-933 
4120 
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United  States  Department  of  the  Interior 

BUREAU  OF  LAND  MANAGEMENT 

COLORADO  STATE  OFFICE 

1037  20fri  STREET 

DENVER.  CO  80202 

August  7,  1984 

Instruction  Memorandum  No.  CO-84-402 
Expires:   9/30/85 

To:       District  Managers 

From:     State  Director,  Colorado 

Subject:   Worksheet  #3  -  Rangeland  Investment  Ranking  for  FY  '85  AWP 

Forthcoming  annual  work  plan  directives  will  require  completion  of  Work- 
sheet //3.  A  blank  and  a  sample  copy  are  enclosed  for  your  use.   Completion 
of  Worksheet  #3  is  in  response  to  the  Office  of  Management  and  Budget  require- 
ment that  we  prepare  a  special  analysis  of  range  investment. 

We  are  sending  you  this  information  prior  to  AWP  preparation  so  that  you  have 
enough  time  available  to  gather  the  required  data  for  timely  AWP  submission. 

Any  questions  should  be  addressed  to  Hans  Hess  (CO-933)  at  844-3264  or  FTS 
564-3264. 
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Elephant  Skin  Wash 
Salinity  Control  Project 

Decision/Record  Rationale 

I.  Elephant  Skin  Wash  Salinity  Control  Project 

Proposed  is  the  construction  of  a  salinity  control  project  to  retain  salt 
and  sediment  laden  runoff,  consequently  preventing  it  from  entering  the 
Colorado  River  system.  The  project  area  is  comprised  of  saline  soils  de- 
rived from  marine  shales  and  is  located  approximately  7  miles  northeast  of 
Montrose,  Colorado. 

II.  Alternatives 

A.  Alternative  I  -  Ponding  Dike  Project  -  Proposed  Action  (see  page  17 
of  the  attached  Activity  Plan). 

B.  Alternative  II  -  Retention  Pond  Project  (see  page  17  of  the  attached 
Activity  Plan) . 

C.  Alternative  III  -  No  Action  (see  page  17  of  the  attached  Activity  Plan). 

III .  Decision  and  Rationale 

A.  Decision 

Adopt  the  proposed  action. 

B.  Rationale 

1.  The  proposed  project  would  be  in  compliance  with  several  laws  which 
are  listed  on  page  17  of  the  attached  Activity  Plan. 

2.  The  proposed  project  would  reduce  sediment  and  salinity  in  the 
Colorado  River  system.  Secondary  benefits  would  include:  flood 
control,  improved  wildlife  habitat,  and  seasonal  water  for  live- 
stock and  wildlife.  These  benefits  are  discussed  in  more  detail 
on  page  3  of  the  attached  activity  plan. 

C.  Mitigation 

No  mitigation  is  necessary  for  the  proposed  project. 

D.  Compl iance/Monitorinq 

Contract  compliance  would  be  handled  by  the  UBRA  Engineering  Technician. 

A  monitoring  plan  is  outlined  on  page  24  of  the  attached  Activity 
Plan. 


c 


c 


IV.  Conclusion 

Based  on  the  analysis  in  the  attached  EA,  I  conclude  that  selecting  the 
preferred  alternative  will  not  result  in  significant  impacts  to  the 
environment,  and  therefore  conclude  an  EIS  is  not  necessary. 
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■""^rea  Manager 


Date 


9/'  {/sy 


Manager 


Date 
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WATERSHED  ACTIVITY  PLAN 

ELEPHANT  SKIN  WASH 
SALINITY  CONTROL  PROJECT 
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ADDENDUM 

Due  to  unforeseen  circumstances  which  arose  during  the  field  survey  (May 
1984)  of  the  Elephant  Skin  Wash-Sallnlty  Control  Project,  the  following 
changes,  to  the  original  activity  plan,  were  necessary: 

1.  The  original  cost  estimate,  for  the  project,  was  low  -  only  sites  #1, 
2A  and  2B  will  be  constructed  with  the  $29,747  as  earmarked  In  the  FY 
84  AWP. 

2.  The  starting  date,  for  project  construction,  has  been  rescheduled  for 
the  spring  of  1985.   The  funding,  however,  will  be  obligated  before 
the  end  of  FY  84. 

3.  Site-specific  topographic  conditions  have  resulted  In  the  following 
project  design  modifications  on  site  #1. 

-  The  maximum  water  depth  behind  the  ponding  dikes  Is  being  reduced 
from  three  feet  to  one  foot. 

-  Due  to  limited  area  suitable  for  dike  construction,  the  total 
ponding  volume  Is  being  reduced  from  approximately  nine  to  five 
acre-feet  (see  Table  2). 

-  The  storage  area  behind  the  diversion  dam  will  Initially  have  a 
capacity  of  4.3  acre-feet.   The  diversion  dam  will  result  In 
sediment  reduction  benefits,  but  no  salinity  control  benefits. 

-  For  design  changes  on  site  #1,  See  Figure  lA.  and  compare  with 
original  design  In  Figure  4. 

4.  Due  to  limited  area  suitable  for  ponding  dike  construction,  sites  #2A 
and  2B  have  been  designed  to  retain  approximately  four  acre-feet. 
Instead  of  the  eight  acre-feet  originally  proposed  (see  Table  2). 

The  storage  area  behind  the  diversion  dams  will  initially  store  a 
total  of  approximately  three  acre-feet  which,  like  site  #1,  will 
provide  sediment  reduction  benefits,  but  no  salinity  control 
benefits.   Also,  due  to  an  oversight  in  the  original  project  design, 
the  freeboard  (on  sites  2A  and  2B  only)  is  being  increased  from  one 
foot  to  three  feet  (see  Figure  4). 

5.  Due  to  the  above-noted  changes,  a  revised  benefit  analysis  is 
necessary. 


Revised  Benefit  Analysis 
Assumptions 

1.  X  Annual  Sediment  Yield  =  3-6  tons/acre  (average  =4.5) 

2.  X  Annual  Salt  Yield  =  0.08-0.17  tons/acre  (average  =  0.13) 

3.  Salt  Content  =  3%  of  Sediment  by  Weight 
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4.  One  half  of  the  X  annual  salt  and  sediment  yield  is  retained  by  the 
proposed  project. 

5.  Benefit  of  salinity  reduction  is  equal  to  $56.66  per  ton  of  salt 
(Water  and  Power  Resource  Service,  1980). 

6.  Benefit  of  sediment  reduction  is  equal  to  $1  per  ton  of  sediment. 

7.  Depreciation  Rate/Opportunity  Cost/Interest  Rate  =  0.078. 
Computations 

Cost  of  Project  =  $29,747 

-  Sediment  Storage  Capacity  of  Project 

Ponding  Dikes   =  9   acre-feet 
Diversion  Dams  =  7.3  acre-feet 

16.3  acre-feet  of  sediment  storage 

16.3  acre-feet  x  2069  tons/acre-foot  =  33725  tons 


-  Total  X  Annual  Sediment  Yield 

4.5  tons/acre/year  x  776  acres  =  3492  tons/year 

One-half  retained  by  project  3492  =  1746  tons/year 

2 

-  Project  Life  33725  ton  capacity  =  19.3  or  19  years 

1746  tons/year 

-  Salt  content  3%  x  9  acre-feet  of  sediment  (salinity  benefits  only 
calculated  from  ponding  dike  sediments)  =0.27  acre-feet  x  2069 
tons /acre-foot  =  558  tons  of  salt  over  19  year  project  life. 

-  Total  cost  of  Project  amortized  over  19  years  =  $58083 

-  Annual  Cost  of  Project  =  $  3057 

-  Total  Benefits  from  Salt  Reduction  ($56.66  x  558  tons)  =  $31616 

-  Annual  Benefits  from  Salt  Reduction  =  $  1664 

-  Total  Benefits  from  Sediment  Reduction  ($1  x  33725)  =  $33725 

-  Annual  Benefits  from  Sediment  Reduction  =  $  1775 

-  Total  Annual  Benefits  (Salt  and  Sediment)  =  $  3439 

Bi//c2/  Ratio   =   $3439  =1.12 

$"3057 

1/     Does  not  include  additional  benefits  as  described  under 
section  I.D.  of  the  Activity  Plan. 

2/     Maintenance  costs  not  included. 

-  Cost  Effectiveness 

Total  Project  Cost  (FY  84)  =  29,747  =  $53.3l/ton  of  salt 
Tons  of  Salt  Retained       =   588 
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I.  Overview 


Introduction 

The  Agreement  betv/een  the  United  States  and  Mexico  in  1973  and  the 
Clean  Water  Act  of  1977  provide  direction  to  reduce  salinity  in  the 
Colorado  River  Basin,  The  BLM,  as  a  major  landowner  in  the  river 
basin,  is  charged  with  helping  to  obtain  this  goal. 

The  Montrose  BLM  District  contains  several  salinity  source  areas, 
one  of  which  is  the  "adobes"  northeast  of  the  City  of  Montrose.  This 
area  is  characterized  by  sandstone-capped,  deeply  incised  shale  bad- 
lands. The  badlands  are  comprised  of  weathered  shales,  generally  un- 
vegetated,  with  surface  soils  high  in  salts.  Rilling  is  the  major 
erosion  process  on  shale  badlands.  The  alluvial  bottomlands  usually 
have  well  developed  gully  systems.  They  generally  occur  at  the  base 
of  badlands  or  in  valleys  between  badland  hills  and  ridges.  Runoff 
is  generally  high  from  both  badlands  and  shale-derived  alluvial  soils, 

The  Montrose  District  has  selected  Elephant  Skin  Wash,  a  3.70 
square  mile  watershed  located  5  miles  northeast  of  Montrose,  Colorado 
(Figure  1),  for  salinity  control  work.  This  watershed  is  represent- 
ative of  much  of  the  Mancos  Shale  derived  landscape  extending  from 
Orchard  Corner  northwest  to  the  North  Fork  Gunnison  River.  This 
area  is  a  substantial  sediment  and  salt  contributor  within  the 
District. 


I  B.  Background 


Elephant  Skin  Wash  -  formerly  referred  to  as  Watershed  IB  -  was 
originally  identified,  by  the  BLM,  as  a  potential  salinity  control 
project  site  in  1983  (USDI,  1983).  The  report  suggested  that  watershed 
treatments  could  be  implemented  to  reduce  saline  runoff,  help  promote 
continued  recovery  of  the  bottomland  gully  system,  and  possibly  provide 
some  increased  forage  for  livestock,  and  cover  and  food  for  wildlife. 
The  Brush  Point  Allotment  Managemant  Plan  #5008  (USDI,  1981)  noted  a 
need  for  a  more  reliable  water  source  for  livestock  in  the  project 
basin.  While  Elephant  Skin  Wash  is  ungaged,  local  observers  have 
identified  several  occasions  where  peak  flows  from  the  basin  have  caused 
downstream  flooding  of  agricultural  land  and  damage  to  an  irrigation 
canal . 

Objectives 

The  objectives  of  this  project  are  to: 

1.  Reduce  sediment  and  salt  yields  in  the  Upper  Colorado  River  Basin. 

2.  Decrease  downstream  peak  flows  (flood  control). 

3.  Provide  seasonal  water  for  livestock  and  wildlife. 

4.  Increase  vegetation  production  and  available  forage  for  both  live- 
stock and  wildlife. 
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5.  Improve  habitat  (cover)  for  wildlife. 

D.  Benefits 

The  proposed  project  would  produce  several  benefits.  The  primary 
benefit  would  be  the  reduction  of  sediment  and  salt  yields. 
Assuming  that  one-half  of  the  total  salt  and  sediment  yield  would 
be  retained  in  Elephant  Skin  Wash,  this  would  amount  to  103,450 
tons  of  sediment  and  3,100  tons  of  salt  over  the  20  year  project 
life.  The  ratio  of  annual  benefits  to  costs  from  reduced  sediment 
and  salt  yields  is  2.8  (also  see  Section  VI.  -  Benefit  Analysis). 

Some  portion  of  runoff  from  flood  events  would  be  retained  by  the 
proposed  project.  This  would  result  in  diminished  flood  peaks  down- 
stream. Other  benefits  would  include:  an  increase  in  vegetation  and 
improved  habitat  (cover)  for  wildlife  on  approximately  50  acres,  and 
better  livestock  and  wildlife  distribution  resulting  from  seasonal 
water  produced  from  the  proposed  project. 

II.  Project  Area  Description 

A.  Location 

Elephant  Skin  Wash  is  located  in  the  Uncompahgre  River  Drainage, 
which  is  part  of  the  Upper  Colorado  River  Basin  (see  Figure  2). 
More  specifically,  Elephant  Skin  Wash  is  in  Montrose  County,  Colorado 
and  is  described  by  the  following  legal  description: 

Sections  1,  2,  3  (Part) 
Sections  35,  36  (Part) 
Sections  31,  32  (Part) 
Section  6  (Part) 

B. 


The  climate  is  semi-arid  with  annual  precipitation  ranging  from 
9  to  12  inches.  August  is  the  month  of  heaviest  precipitation 
with  most  coming  from  violent  convective  thunderstorms.  May 
and  June  are  extremely  dry.  The  area  has  an  average  annual 
temperature  of  49  degrees  F  and  averages  144  frost-free  days. 

Geology  and  Topography 

The  geology  of  the  area  is  dominated  by  Mancos  Shale.  Mancos 
shale  is  a  marine  derived  shale  of  Cretaceous  age.  The 
formations  consist  of  grey  shales,  with  some  limestone  beds. 
On  steeper  slopes  the  shale  is  either  just  a  few  inches  below 
the  surface  or  exposed.  Bedrock  can  be  as  deep  as  5,000  feet. 
The  terrain  consists  of  rough  and  broken  successions  of  rolling  to 
very   steep,  nearly  barren  slopes  on  southern  exposures  within  a 
fairly  steep-walled  box  canyon. 
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Photo.  1-  Aerial  view  of  project  site  locations  2A,B,C 
(al so  see  figure  2) , 


Photo.  2-  Looking  upstream  from  project  site  location  4  (also  see 
figure  2) . 
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Photo.  3-  Increased  vegetation  in  sediment  wedge  behind  an  abandoned 
retention  structure. 


Photo.  4-  Debri  deposited  by  past  flooding  at  the  mouth  of  Elephant 
Skin  Wash. 
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3.  Soils 

The  soils  of  the  basin  are  largely  undeveloped  on  the  shale  uplands,  - 
except  for  inclusions  of  shallow,  clayey  Chipeta  and  Persayo  soils 
on  north  slopes.  Billings  silty  clay  loam  formed  in  the  alluvium  of 
the  drainage  floodplains.  This  deep,  well  drained  soil  has  moderate 
limitations  for  building  dikes  due  to  piping  and  low  strength  when 
wet.  Erosion  is  severe  (4-6  tons  per  acre  per  year)  because  of  the 
nature  of  the  soils  and  the  sparseness  of  vegetation  cover.  Mass 
erosion  and  rilling  are  the  major  erosion  processes  on  shale  badlands 
Gully,  rill,  and  interrill  are  the  predominant  erosion  processes  on 
the  alluvial  bottomland. 

4.  Water  Resources 

Elephant  Skin  Wash  is  an  ephemeral  stream  that  flows  in  response 
to  snowmelt  and  rainfall  events.  The  wash  drains  westward  into 
the  Loutsenhizer  Canal,  and  eventually  into  the  Uncompahgre  River. 
The  watershed  relief  is  approximately  1,355  feet  with  maximum  and 
minimum  elevations  of  7,075  and  5,720  feet,  respectively.  Water 
quality  is  poor,  due  largely  to  saline  sediment  (3-6  tons/acre/year) 
derived  from  sheet,  rill,  and  gully  erosion.  Ground  water,  if 
present,  is  only  in  the  alluvium,  in  very  small  quantities,  and  of 
\t&Ty   poor  quality. 

Land  Use,  Recreation,  Aesthetics 


The  area  is  grazed  by  sheep.  Recreational  activities  include  limited 
chukar  and  dove  hunting,  ORV  use,  and  possibly  firearm  target  practice. 
Elephant  Skin  Wash  is  a  VRM  Class  IV  area,  the  least  restrictive  class. 

For  a  more  detailed  description  of  past  and  present  land  uses  refer  to 
the  Brush  Point  Allotment  Management  Plan  s*5008  and  the  Uncompahgre 
Basin  Resource  Area  Grazing  Environmental  Statement  (1978). 

The  proposed  project  would  result  in  no  conflicts  with  the  Gunnison 
Gorge-Management  Framework  Plan,  1970. 

D.  Description  of  Existing  Hydroloqic  and  Edaphic  Conditions 

The  present  hydrologic  condition  of  Elephant  Skin  Wash  is  characterized 
by  sparse  watershed  cover  (5-15  percent),  a  naturally  high  erosion 
rate  and  sediment  yield,  low  infiltration  capacities  (-  0.5  inch  per 
hour),  and  a  high  drainage  density.  As  a  result  of  these  factors  and 
other  physiographic  features,  the  percent  of  the  total  precipitation 
subsequently  resulting  in  overland  flow  is  extremely  high.  Table  1 
presents  estimated  rainfall/runoff  relationships  for  Elephant  Skin  Wash 
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TABLE  1 

Rainfall/Runoff  Relationships 
for  Elephant  Skin  Wash,  Colorado 
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Return  Period 

Years 6-Hour  Design  Storm 24-Hour  Design  Storm 

Precip.*  Peak  Flow  Runoff    Precip.*   Peak  Flow  Runoff 
Inches    Ft3/Sec.   Acre-Ft.  Inches Ft^/Sec.   Acre-Ft. 

2 

5 
10 
25 
50 

*Precipitation  data  obtained  from  NOAA  Atlas. 

The  soils  of  the  basin  are  classified  as  moderately  saline.  The  salt 
content  of  the  soil  is  believed  to  be  approximately  three  percent  by 
weight.  Applying  this  salt  content  to  the  estimated  average  sediment 
yield  (3-6  tons/acre/year)  results  in  an  average  annual  salt  yield 
between  0.08-0.17  tons  per  acre  or  200-400  tons  from  the  Elephant  Skin 
Wash  watershed. 

III.  Project  Identification  4 

A.  Project  Description 

The  proposed  project  would  consist  of  a  series  of  diversion  dams,  each 
with  a  system  of  ponding  dikes.  These  structures  would  serve  to 
divert  and  retain  the  most  salt  and  sediment  laden  runoff  being  dis- 
charged from  Elephant  Skin  Wash.  The  project  is  designed  to  capture 
and  pond  the  discharge  from  all  surface  runoff  events  equal  to  or  less 
than  that  produced  from  the  2  year-24  hour  storm.  Most  of  the  discharge 
from  larger  flood  events  would  by-pass  the  ponding  dikes  by  being 
routed  over  an  emergency  spillway  or  weir  on  the  diversion  dam  (see 
Figure  3).  Studies  conducted  in  the  Price  River  Basin,  Utah,  found 
that  the  highest  salt  and  sediment  concentrations  occurred  in  the  first 
surface  runoff  event  following  long  periods  of  no  runoff.  The  water 
captured  by  the  project  would  eventually  infiltrate  and/or  evaporate 
making  room  for  the  next  surface  runoff  event.  In  most  of  the  area 
flooded  by  the  ponding  dikes  (approximately  50  acres),  an  increase  in 
vegetation  can  be  expected.  This  would  also  increase  the  infiltration 
rate  on  these  areas.  Some  factors  affecting  ponding  dike  construction, 
layout  and  spacing  are  water  ponding  depth,  land  slope,  soil  type  and 
topography. 

The  ponding  dike  systems  are  spread  throughout  Elephant  Skin  Wash  to 
allow  benefits  such  as  increased  forage,  wildlife  habitat,  and  livestock 
and  wildlife  drinking  water  to  be  better  utilized.  In  addition,  by 
retaining  some  of  the  surface  runoff  in  upper  parts  of  the  watershed,   ^ 
potential  flash  flood  damage  to  the  lower  project  site  would  be  minimizeo. 
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The  volume  of  surface  runoff  potentially  retained  by  the  project  v/ould  ^ 
be  greatest  immediately  after  construction.  As  the  dikes  fill  with     '' 
sediment,  the  water  ponding  capacity  would  decrease.  The  sediment 
wedges  produced  over  time  by  the  ponding  dikes  would  support  a 
relatively  dense  vegetation  cover.  This  would  help  increase  the 
soil-water  infiltration  rates  (necessary  to  support  the  vegetation) 
and  slow  runoff  water  velocities,  causing  the  water  to  spread  over  a 
larger  surface  area.  So,  the  short-term  (-20  years)  project  design 
objective  is  to  pond  and  retain  surface  runoff  while  the  long-term 
(>20  years)  objective  is  to  route  the  runoff  through  the  sediment- 
filled  structures,  at  low  velocities,  to  maximize  soil-water  infiltration. 

No  existing  roads  go  directly  to  the  proposed  project  sites  (there  is  one 
road  running  nearly  the  entire  length  of  the  watershed,  see  figure  2),  so 
access  would  be  cross-country.  All  structures  would  be  constructed  of 
native  material  available  at  the  site.  A  bulldozer  and  road  maintainer 
would  be  the  two  primary  pieces  of  equipment  used  for  project  construction. 

For  maintenance  needs,  see  Section  V.,  B. 

B.  Project  Feasibility 

The  proposed  project  would  be  economically  feasible  given  that 
controlling  diffuse  sources  of  salinity,  from  public  land,  in  the  Upper 
Colorado  River  Basin,  is  of  National  importance.  The  costs  incurred 
to  downstream  water  users  (municipal,  industrial,  agricultural,  etc.) 
resulting  from  salinity  as  estimated  by  the  Bureau  of  Reclamation  is   ,T 
$54  per  ton.  The  moderate  construction  cost  ($29,747)  of  the  proposed 
project  and  the  additional  localized  benefits  (flood  and  sediment  control, 
additional  wildlife  habitat,  and  more  livestock  and  wildlife  drinking 
water)  make  this  project  even  more  economically  feasible.  The  construction 
of  this  project  would  cause  no  conflict  with  other  land  uses.  Similar 
projects  have  been  constructed  for  controlling  onsite  and  runoff  water 
with  benefits  being  increases  in  vegetation,  infiltration  and  soil  water 
storage.  For  more  specific  information  on  the  benefits  of  the  proposed 
project  see  Section  V,  Benefit  Analysis;  also  see  attached  Feasibility 
Report.  For  water  right  needs,  see  Appendix  I. 

C.  Prioritzation  of  Projects 

The  Elephant  Skin  Wash  Salinity  Control  Project  would  be  designed  to 
operate  so  that  each  series  of  ponding  dikes  would  retain  the  runoff 
from  their  respective  sub-watersheds  (see  Figure  2).  Therefore,  the 
lower  project  (Site  #4)  at  the  mouth  of  Elephant  Skin  Wash,  would 
be  designed  on  the  assumption  that  the  upper  project  sites  (#1,  2  and 
3)  would  retain  a  specific  amount  of  runoff.  So,  the  logical  sequence 
for  project  construction  would  be  to  complete  the  upper  3  project  sites 
before  f4  is  constructed. 

D.  Location  of  Projects 


See  Figure  2. 
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E.  Number  and  Kind  of  Projects 

The  Elephant  Skin  Wash  Salinity  Control  Project  would  consist  of 
approximately  seven  diversion  dams  (on  four  project  sites),  each 
with  a  corresponding  series  of  ponding  dikes  (see  Figure  2).  The 
diversion  dams  would  be  designed  to  divert  part  of  the  surface  runoff 
out  of  the  original  stream  channel  and  onto  the  adjacent  alluvial 
land  where  the  water  would  be  intercepted  by  the  ponding  dikes.  An 
emergency  spillway  would  be  constructed  on  each  diversion  dam  to  carry 
any  excess  flow. 

A  site-specific  survey  would  be  necessary  before  the  exact  number  of 
ponding  dikes  needed  can  be  determined.  The  dikes  would  be  designed 
and  constructed  to  contain  an  average  water  depth  of  one  foot  when 
filled  to  capacity. 

On  some  of  the  steeper  alluvial  areas,  buffer  dikes  (non-ponding  dikes) 
may  be  necessary  to  divert  water  to  the  ponding  dikes.  Buffer  dikes 
may  also  be  needed  to  diminish  the  velocity  of  the  diverted  water, 
preventing  rill  or  gully  erosion.  On  each  site,  downslope  from  the 
last  ponding  dike,  a  re-entry  site  would  be  constructed  to  allow  any 
excess  diverted  water  to  flow  back  into  the  original  stream  channel. 

F.  Project  Design 

The  following  description  of  the  project  design  is  to  provide  BLM 
engineers  and  technicians  with  specific  guidance,  for  surveying  and    ' 
constructing  the  project,  so  benefits  would  be  maximized  from  salinity 
control  and  other  objectives  listed  under  Section  I.,  C. 

To  survey  and  construct  each  series  of  ponding  dikes,  a  hydrologic 
analysis  is  necessary  to  calculate  the  estimated  runoff  volumes  and 
peak  flows.  The  runoff  volume,  produced  from  each  subwatershed 
(see  Table  2),  would  determine  the  amount  of  acreage  that  would  need 
to  be  flooded  with  each  series  of  ponding  dikes.  The  ponding  dikes 
would  be  designed  to  retain  v/ater  at  an  average  depth  of  one  foot  when 
filled  to  capacity  (see  Figure  3).  Therefore,  for  every  acre-foot  of 
runoff  produced  from  the  2-year/24-hour  storm  one  acre  would  need  to 
be  flooded. 

The  peak  flow  would  be  used  by  the  engineers  to  properly  size  the 
emergency  and  re-entry  spillways  associated  with  each  series  of 
ponding  dikes  (see  Figure  3). 

1.  Hydrologic  Analysis 

The  SCS  procedure  (Soil  Conservation  Service,  National  Engineering 

Handbook,  Chapter  IV)  was  used  to  estimate  watershed  parameters 

necessary  to  calculate  the  runoff  and  peak  flow  for  both  the 

2  and  25-year/24-hour  storms  in  Elephant  Skin  Wash.  A  curve 

number  of  87  was  selected  based  on  vegetation  type,  hydrologic 

soil  group,  hydrologic  condition,  and  antecedent  moisture  condition^- 

(AMC). 
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A  computer  program  available  on  the  BLM  Honeywell  66/80  Computer 
was  used  to  calculate  peak  flows  and  runoff  volumes  for  each  sub- 
watershed  proposed  for  treatment.  The  results  of  the  design 
storm-runoff  analysis  are  contained  in  Table  2  (for  precipitation 
totals,  see  Table  1,  Existing  Hydrologic  Condition). 

TABLE  2 

Runoff  Analysis  for  Subwatersheds 
in  Elephant  Skin  Wash,  Colorado 


Watershed  Acres 


2-Year/24-Hour  Storm 


25-Year/24-Hour  Storm 


Subwater- 
shed* 


Runoff(Ac/Ft**)  Peak  Flow(Ft3/Sec)  Runoff (Ac/Ft)  Peak  Flow(Ft3/Sec) 


# 

1 

# 

2A 

# 

28 

# 

2C 

# 

3 

# 

4 

* 

■*■* 

430 

90 

256 

51 

281 

1,251 


9 
2 
6 
1 
7 
25 


21 
5 

13 
3 

14 

52 


38 
8 

23 
5 

25 
112 


107 
23 
65 
14 
71 

288 


See  Figure  2  for  subwatershed  locations. 

These  values  also  represent  the  acreage  that  must  be  ponded,  at  an  average  depth 

of  1-foot,  by  each  dike  system. 

2.  Project  Survey  and  Construction 

As  shown  in  Figure  3,  the  diversion  dams  will  be  designed  to 
deliver  water  to  a  series  of  ponding  dikes.  Overflow  water  -  any- 
thing in  excess  of  the  2-year/24-hour  storm  runoff  -  would  be 
discharged  back  into  the  original  stream  channel  via  the  emergency 
spillway,  on  the  diversion  dam,  or  through  a  re-entry  structure 
located  below  the  lowermost  ponding  dike.  Since  the  topography  at 
each  site  is  different,  the  specific  ponding  dike  system  design 
may  vary  somewhat  from  Figure  3.  For  the  construction  sequence  of 
the  proposed  projects  see  Section  III,  Prioritization  of  Projects. 

The  construction  costs  for  the  diversion  dams  can  be  minimized 
by  building  the  structure  at  a  narrow  and  shallow  point  in  the 
drainage,  to  reduce  the  size  of  the  dam.  The  diversion  dams 
would  be  keyed  into  the  channel  banks  and  the  borrow  material 
compacted  and  possibly  wetted,  depending  on  the  natural  soil- 
moisture  content  at  the  time  of  construction.  Each  diversion  dam 
would  have  an  emergency  spillway  with  a  cross-sectional  area  and 
slope  that  would  safely  pass  the  peak  discharge  of  the  25-year/ 
24-hour  storm  (see  Table  2)  with  a  two-foot  minimum  freeboard. 
Each  emergency  spillway  would  be  designed  to  prevent  the  peak 
discharge  water  velocity  from  exceeding  three  feet  per  second 
which  is  the  maximum  safe  velocity  for  water  transporting  fine 
silts  on  a  silt  loam. 
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In  order  to  prevent  debris  dams  from  forming  and  diverting  water   ,* 
in  an  unwanted  direction,  wire  mesh  would  be  strategically  placed 
within  the  dike  system  to  capture  debris.  Buffer  dikes  may  also 
be  needed  to  divert  or  slow  the  velocity  of  water  flowing  through 
the  dike  system  (see  Figure  3). 

The  ponding  dikes  would  be  designed  to  form  a  crescent  or   horseshoe 
shape  with  water  spilling  around  either  or  both  ends  (see  Figure 
3).  The  length  of  each  dike  would  be  varied  to  best  fit  each  site; 
however,  individual  dikes  should  not  exceed  1,000-1,500  feet  in 
length,  because  the  flow  for  larger  dikes  becomes  increasingly 
large  and  difficult  to  control.  Sharp  curves  in  the  ponding 
dikes  should  also  be  avoided  to  minimize  erosion.  All  vegetation 
should  be  removed  and  the  area  scarified  before  the  fill  is 
started.  Fill  material  should  come  from  the  downslope  side  of 
the  dike  (see  Figure  4),  which  allows  more  widespread  use  of 
the  moisture  from  small  precipitation  events.  Each  system  of 
ponding  dikes,  as  shown  in  Figure  3,  would  be  designed  to  fully 
retain  the  runoff  produced  from  the  2-year/24-hour  storm  and 
safely  pass  excess  runoff  from  the  25-year/24-hour  storm  (see 
Table  2).  To  effectively  accomplish  this,  the  velocity  of  v;ater 
being  routed  through  the  dike  system  should  never  exceed  three 
feet  per  second  (buffer  dikes  may  be  necessary  to  reduce  velocities). 
Ponding  dikes  would  be  progressively  constructed  in  a  downstream 
direction  until  the  ponding  area,  necessary  to  retain  the  runoff 
from  the  2-year/24-hour  storm,  is  achieved.  The  maximum  ponaing 
depth  in  the  dikes  should  not  exceed  three  feet,  which  would 
produce  an  average  depth  of  one  foot.  Weep  pipes  may  be  necessary 
to  aid  in  the  transmission  of  water  through  the  dike  system. 

Excess  water  routed  through  the  dike  system  would  need  to  be 
returned  to  the  original  stream  channel  with  the  minimum  of 
cutting.  The  excess  water  would  drop  most  of  its  suspended  solids 
within  the  dike  system,  resulting  in  clearer  water  with  higher 
erosivity.  Therefore,  the  maximum  velocity  of  water  flowing 
from  the  lowermost  ponding  dike  to  the  re-entry  point  of  the 
original  stream  channel  should  not  exceed  two  feet  per  second 
(maximum  safe  velocity  of  clear  water  on  silt  loam)  without  the 
use  of  mechanical  structures  (gabions,  riprap,  etc.).  The  water 
carrying  capacity  of  the  re-entry  site  would  be  designed  to 
handle  the  excess  runoff  produced  from  the  25-year/24-hour  storm 
minus  the  amount  passed  through  the  emergency  spillway  on  the 
diversion  dam. 

Consultation/Coordination 

1.  USDA  -  Soil  Conservation  Service 

2.  County  Commissioners,  Montrose  County,  Colorado 

3.  Colorado  State  Water  Engineers  Office 

4.  Uncompahgre  Valley  Water  Users  Association 

5.  Environmental  Protection  Agency 

6.  USDI  -  Bureau  of  Reclamation 

7.  Colorado  Division  of  Wildlife  (.. 
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IV.  Project  Implementation 

A.  Funding 

Total  funding  for  this  project  is  under  the  4340  (water,  soil  and 
air)  program  (.CO-030.  PP4-32(1)  -  $29,747,  4340-5257). 

B.  Project  Clearance 

Clearances  for  the  black-footed  ferret,  cultural  resources,  and 
sensitive  plant  species  (Penstemon  retrorsus)  would  be  needed  before 
project  construction. 

C.  Environmental  Assessment  (C0-030-U84-27) 
1.  Chapter  1 

a.  Purpose  and  Need 

The  primary  purpose  of  the  proposed  action  is  to  reduce  sediment 
and  salinity  concentrations  in  the  Colorado  River  system. 
Secondary  purposes  include:  flood  control,  improved  wildlife 
habitat,  and  seasonal  water  for  livestock  and  wildlife. 

In  the  Colorado  River  Basin,  salinity  is  a  major  water  quality 
problem  that  has  gained  international  prominence  in  United 
States-Mexican  relations.  High  salinity  levels  have  detrimental 
impacts  upon  drinking  water  supplies,  industrial  users,  and  impact 
irrigated  agriculture  through  decreased  crop  yields,  altered  crc 
patters,  increased  water  usage,  and  increased  management  costs. 
As  of  1980,  high  salinity  levels  adversely  affected  the  water 
supply  of  a  population  exceeding  10  million  people  and  over  1  millii 
acres  of  irrigated  land  in  the  Lower  Colorado  River  Basin. 
Consequently,  various  laws  and  United  States  Government 
directives  presently  instruct  government  agencies  involved  in 
land  management  activities  to  implement  programs  to  reduce  salt 
levels  throughout  the  Colorado  River  Basin. 

The  ELM  has  the  responsibility  of  controlling  salt  from  diffuse 
surface  runoff  originating  on  public  land.  Surface  runoff 
from  public  land  yields  approximately  eight  percent  of  the 
total  salt  load  of  the  Upper  Colorado  River  Basin.  This  salt 
load  is  directly  related  to  content  and  availability  of  salt  in 
soils  and  the  movement  of  soils  by  erosion.  Therefore,  salt 
yields  are  reduced,  on  saline  surface  soils,  through  any 
activity  which  leads  to  increased  infiltration  and  reduced  or 
controlled  runoff. 

The  Elephant  Skin  Wash  watershed  is  comprised  of  saline  soils 
with  the  topography  characterized  by  deeply  incised  badlands. 
Areas  with  similar  soils  and  topography  have  been  shown  to 
yield  more  salinity  through  erosion  and  runoff  processes  than 
other  landscape  types  having  saline  soils.  Therefore, 
controlling  saline  surface  runoff  and  increasing  infiltration 
in  Elephant  Skin  Wash,  by  constructing  the  proposed  project, 
would  be  in  compliance  with  present  laws  and  directives.  It 
would  also  help  mitigate  the  present  water  quality  problem  of 
high  salinity  in  the  Colorado  River  Basin. 
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The  primary  authorities  which  address  salinity  are  the  Federal 
Water  Pollution  Control  Act  (P.L.  92-500),  the  Colorado  River 
Basin  Salinity  Control  Act  of  1974  (P.L.  93-320)  and  the 
Federal  Land  Policy  and  Management  Act  of  1976  (P.L.  94-579). 

2.  Chapter  2 

a.  Description  of  the  Alternatives  Including  the  Proposed  Action 

1)  Alternative  1  -  Ponding  Dike  Project  -  Proposed  Action 

See  Section  II,  A,  *'Location^  and  Section  III  "Project 
Identification", 

.  2)  Alternative  2  -  Retention  Pond  Project 

This  proposal  would  consist  of  the  construction  of  one 
large  retention  structure  and  approximately  10  smaller 
retention  plugs  in  a  250  acre  headwater  tributary  to 
Elephant  Skin  Wash  (see  Figure  5).  These  structures 
would  be  designed  to  completely  retain  the  runoff  from  the 
lO-year/6-hour  storm.  The  10  small  retention  plugs 
would  be  located  to  capture  the  most  salt  and  sediment 
laden  runoff  from  within  the  watershed.  This  would 
provide  better  water  for  livestock  and  wildlife  and 
extend  the  project  life  of  the  large  retention  structure. 

All  structures  would  be  constructed  of  native  material 
available  at  the  site.  A  bulldozer  would  be  used  on  the 
small  structures  and  for  pioneering  the  medium  sized 
retention  pond.  A  scraper  would  be  used  for  completion 
of  the  larger  dam.  The  large  retention  structure  would 
not  exceed  15  feet  in  height  nor  exceed  10  acre-feet 
capacity. 

No  existing  roads  go  directly  to  the  work  areas  (there  is 
one  maintained  road  running  nearly  the  entire  length  of  the 
watershed,  see  Figure  2),  so  access  would  be  cross-country. 
No  roads  would  be  built. 

The  structures  would  require  periodic  maintenance. 
Maintenance  intervals  would  vary  depending  on  size, 
intensity,  and  frequency  of  storm.  Structures  would 
be  sized  to  minimize  the  frequency  of  maintenance 
required.  Maintenance  needs  would  need  to  be  monitored. 

3)  No  Action  Alternative 

Not  constructing  any  Salinity  Control  Project  in  Elephant 
Skin  Wash  would  not  have  any  short-term  adverse  impacts 
associated  with  construction  activities.  Large  amounts 
of  sediment  and  salt  would  continue  to  runoff  the  area, 
no  additional  forage,  cover,  or  water  v/ould  be  produced 
for  livestock  or  wildlife,  and  flood  control  benefits 
would  not  result. 
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3.  Chapter  3  -  Affected  Environment 

For  a  description  of  the  areas  land  uses,  recreation,  aesthetics, 
climate,  geology/topography,  soils,  and  water  see  the  Watershed 
Activity  Plan,  Section  II,  Project  Area  Description. 

a.  Vegetation 

The  project  area  is  a  saltbush  type  with  key  species  being 
Galleta  grass  and  shadscale  saltbush.  Other  species  present 
include  mat  saltbush,  salina  wildrye,  greasewood  and  cheatgrass. 
Range  condition  is  poor.  An  endangered  plant,  Penstemon 
retrorsus,  occurs  within  the  area.  It  is  found  where  there  is 
a  relatively  high  amount  of  moisture,  usually  on  north 
exposures  or  in  drainage  areas  that  slope  away  from  hills  onto 
nearly  level  areas.  Before  any  construction  work  begins  the 
area  would  be  cleared  to  assure  this  plant  would  not  be 
impacted. 

b.  Animal  Life 

There  are  prairie  dogs,  rabbits,  raptors,  dove,  and  chukar  in 
the  area.  This  area  receives  some  noncrucial  winter  deer  and 
elk  use. 

Sheep  graze  the  project  area  alternately  during  the  winter  or 
one  month  in  spring  with  one  year  rest.  There  are  29  AUMs 
licensed  use.  Because  prairie  dogs  are  found  within  the  area 
potential  exists  for  the  presence  of  the  black-footed  ferret. 
The  area,  therefore,  would  need  to  be  cleared  before  any 
construction  activity  could  be  authorized. 

c.  Cultural  and  Paleontological  Resources 

The  likelihood  of  finding  cultural  resources  is  small,  however, 
a  cultural  clearance  would  still  need  to  be  conducted  before 
construction  of  the  plugs  or  dam. 

4.  Chapter  4  -  Environmental  Consequences 
a.  Proposed  Action 

1 )  Climate,  Air  Quality,  Geology,  Topography,  Minerals,  Cultural 
Features,  Paleonotology,  Socioeconomics,  Land  Use,  Wilderness 
and  Prime,  Unique  Farmlands,  Areas  of  Critical  Environmental 
Concern,  Wild  and  Scenic  Rivers,  or  Floodplains  and  Wetlands 

No  significant  impacts. 

2)  Soils 

Initial  disturbance  due  to  construction  would  cause  a  short- 
term  increase  in  erosion.  This  should  return  to  pre-construction 
levels  or  below  as  vegetation  reestablishes. 
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3)  Water 


The  construction  of  the  proposed  ponding  dike  systems  would 
result  in  a  short  and  long-term  decrease  in  the  sediment 
yield.  Sediment  laden  water  presently  flowing  out  of  the 
watershed  would  be  diverted  and  stored  behind  the  ponding 
dikes.  Over  the  estimated  20-year  storage  life  of  the 
project,  approximately  103,450  tons  of  sediment  would  be 
deposited.  Diverting  water  out  of  the  presently  eroding 
gullies  would  also  diminish  the  sediment  yield,  in  addition  to 
allowing  the  gullies  to  stabilize. 

The  amount  of  salt  retained  in  Elephant  Skin  Wash  would 
be  approximately  three  percent  of  the  sediment  deposited,  or 
3,100  tons  over  the  20-year  storage  life  of  the  project. 
Beyond  the  20-years,  additional  salt  would  be  retained  as 
the  diverted  flows  are  spread  over  the  sediment  wedges, 
produced  behind  the  ponding  dikes,  and  allowed  to  infiltrate 
into  the  soil . 

By  diverting  and  retaining  water  in  Elephant  Skin  Wash, 
downstream  flood  control  benefits  would  be  realized. 

4)  Recreation 

If  improved  wildlife  habitat  increases  small  game  populatio^-?^^^ 
there  may  be  an  increase  in  hunting  and  related  activities. 


5)  Vegetation 

The  construction  activities  would  cause  a  localized,  short- 
term  disturbance  to  vegetation.  The  area  of  disturbance  would 
be  limited  to  less  than  five  percent  of  the  watershed.   In 
the  long-term,  vegetation  increases  can  be  expected  within 
the  ponding  dike  systems  as  a  result  of  sediment  deposition 
and  a  higher  soil-moisture  content.  Including  the  areas  behind 
the  diversion  dams,  approximately  50  acres  should  experience 
increases  in  vegetation  cover. 

Penstemon  retrorsus  may  be  present  in  the  project  area.  No 
construction  activities  would  occur  in  areas  where  this  plant 
is  found. 

6)  Animal  Life 

Wildlife  would  be  adversely  affected  by  construction  in  the 
short-term.  Following  construction  increased  water,  forage, 
and  cover  would  benefit  wildlife  and  sheep  in  the  area. 
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7 )  Aesthetics  (VRM) 

The  work  site  is  a  Class  IV  area.  The  diversion  dams  and 
ponding  dikes  would  have  a  slight  to  moderate  visual  impact,  • 
especially  right  after  construction.  This  impact  would  be 
lessened  as  vegetation  reestablishes  on  the  structures. 

8)  Unavoidable  Adverse  Environmental  Impacts 

There  would  be  short-term  increases  in  erosion  and  disturbance 
to  animals  in  the  area.  Plants  would  temporarily  be 
eliminated  from  the  immediate  construction  sites,  and  there 
would  be  a  change  in  the  visual  character  of  the  area. 

9)  Relationship  Between  Short-Term  Use  and  Long-Range  Productivity 

The  area  is  currently  being  used  for  winter  and  spring  grazing. 
Treating  it  would  enhance  grazing  by  supplying  additional  water 
for  vegetation  and  animals.  Additionally,  treatment  would  help 
prevent  soil  loss,  thus  aiding  long-term  vegetation  production. 
Reduced  salt  and  sediment  loading  in  the  Upper  Colorado  River 
Basin  enhances  water  use  opportunities  downstream. 

10)  Irreversible  or  Irretrievable  Commitment  of  Resources 

Water  formerly  running  off  this  area  would  no  longer  be 
available  to  downstream  users  in  the  Colorado  River  Basin. 
Removing  the  diversion  dams  could  reverse  this  for  future 
years,  however. 

11)  Cumulative  Impacts 

There  would  be  no  cumulative  impacts  from  the  proposed 
action. 

Alternative  II 

1)  Climate,  Air  Quality,  Geology,  Topography,  Minerals,  Cultural 
Features,  Paleontology,  Recreation  Resources,  Socioeconomics, 
Land  Use,  Wilderness  and  Prime,  Unique  Farmlands,  Areas  of 
Critical  Environmental  Concern,  Wild  and  Scenic  Rivers, 

or  Floodplains  and  Wetlands 

No  significant  impacts. 

2)  Soils 

Same  as  proposed  action  but  to  a  lesser  degree. 
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3)  Water 

The  construction  of  the  10  small  and  one  large  retention 
structures  would  result  in  a  decrease  of  the  sediment  yield 
over  the  20-year  average  project  life.  Approximately  26,000 
tons  of  sediment  would  be  deposited.  Ponding  the  runoff 
from  all  precipitation  events  equal  to  or  less  than  the 
lO-year/5-hour  storm  (8  acre-feet  of  runoff)  would  help 
stabilize  the  presently  eroding  gullies. 

Approximately  780  tons  of  salt  would  be  retained,  over  20  years, 
under  this  proposal . 

Some  downstream  flood  control  benefits  would  be  realized. 

Ponding  of  water  may  recharge  the  alluvial  groundwater  system, 
if  present. 

4)  Vegetation 

The  construction  activities  would  cause  a  localized,  short-term 
disturbance  to  vegetation.  The  area  of  disturbance  would 
be  less  than  one  percent  of  the  Elephant  Skin  Wash  Watershed. 
As  the  retention  structures  fill  with  sediment  and  collect 
additional  soil-moisture,  vegetation  increases  on  5-10  acres 
can  be  expected. 

Penstemon  retrorsus  may  be  present  in  the  project  area. 
No  construction  activities  would  occur  in  areas  where  this 
plant  is  found. 

5)  Animal  Life 

Same  as  proposed  action,  but  to  a  lesser  degree. 

6)  Aesthetics  (VRM) 

Same  as  proposed  action,  but  to  a  lesser  degree. 

7)  Unavoidable  Adverse  Environmental  Impacts 
Same  as  proposed  action. 

8)  Irreversible  or  Irretrievable  Commitment  of  Resources 
Same  as  proposed  action. 

9 )  Relationship  Between  Short-Term  Use  and  Long-Range  Productivity 
Same  as  proposed  action,  but  to  a  lesser  degree. 

10)  Cumulative  Impacts 

Same  as  proposed  action. 
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c.  No  Action  Alternative 

No  environmental  impacts  from  construction  activity  would  occur 
from  the  No  Action  Alternative.  High  intensity  storms  on  this 
poorly  vegetated,  saline  area  would  continue  to  produce  large 
amounts  of  sediment  and  salt,  and  potential  flood  damage 
downstream.  Use  of  the  area  by  sheep  and  wildlife  would 
remain  very   marginal. 

5.  Chapter  5  -  Mitigating  Measures  and  Residual  Impacts 

None  of  the  alternatives  need  mitigating  measures  nor  would  they 
result  in  residual  impacts. 

6.  Chapter  6  -  Consulation  and  Coordination 

See  Watershed  Activity  Plan  Secion  3,G,  Consultation/Coordination. 

7.  Chapter  7  -  List  of  Preparers 
Prepared  by: 

Signature  Date      Title 
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y-  ^  -&^  UBRA  -  Hydrologist 


Reviewed  by: 
Signature 


Date 
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Range  Conservationist 
Wildlife  Biologist 
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Economist 
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Soil  Scientist 


Archeologist 


D.  Assi 


ince 


Discipline's 


Realty  Specialist 


The  Montrose  District  Engineer  and  the  Uncompahgre  Basin  Resource 

Area  Engineering  Technician  are  responsible  for  the  project  feasibility, 

project  survey,  contract  preparation,  and  contract  administration. 
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The  Montrose  District  Soil  Scientist  would  assist  the  Uncompahgre  Basin 
Resource  Area  Hydrologist  in  monitoring  the  salt  content  of  sediment 
deposits  and  control  areas. 

The  Montrose  District  Cultural  Resource  Specialist  would  perform  an 
archeological  clearance  prior  to  project  construction. 

The  Uncompahgre  Basin  Resource  Area  Wildlife  Biologist  would  perform 
a  sensitive  plant  and  an  endangered  animal  species  clearance  prior 
to  project  construction. 

E.  Contract 

See  Section  IV,  A  and  D. 

F.  Construction 

Project  construction  would  commence  in  mid  to  late  July  FY-84  and  run 
possibly  into  October  of  FY-85. 

V.  Monitoring/Maintenance 

A.  Monitoring 

Monitoring  the  Elephant  Skin  Wash  Salinity  Control  Project  is  crucial 
from  the  standpoint  of  determining  the  projects  effectiveness  and 
obtaining  information  for  the  design  of  future  projects  with  similar 
objectives.  At  a  minimum,  monitoring  would  include: 

1.  A  recording  rain  gage,  maintained  year-round,  would  be  installed 
in  Elephant  Skin  Wash  to  monitor  both  the  intensity  and  amount 
of  precipitation. 

2.  Calibrated  staffs  would  be  installed  in  selected  areas  flooded  by 
ponding  dikes  to  monitor  the  deposition  rate  and  amount  of 
sediment.  These  would  be  read  at  least  once  annually. 

3.  Crest  gages  would  be  installed  to  monitor  flow  of  selected  emergency 
spillways,  diversion  dikes,  and  re-entry  structures  (see  Figure  3). 
These  would  be  read  and  recharged  after  major  precipitation  events 
or  at  least  once  annually,  whichever  comes  first. 

4.  Biannual  (spring/fall)  salinity  measurements  would  be  taken  in 
selected  ponding  dike  sediments  and  control  areas. 

5.  Annually,  changes  in  vegetation  density  would  be  measured,  using 
the  200  feet  pace  transect,  on  selected  ponding  dike  sediments 
and  control  areas. 

A  more  detailed  monitoring  plan  would  be  developed,  and  referenced 
in  this  activity  plan,  after  project  completion,  when  the  specific 
sites  for  monitoring  have  been  selected.  ^ 
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B.  Maintenance 

A  routine  maintenance  inspection  would  be  conducted  once  every  5  years 
and/or  after  the  occurrence  of  any  storm  equal  to  or  greater  than  the 
25-year  event.  If  repairs  are  needed  to  any  portion  of  the  project, 
funds  would  be  requested  through  the  annual  work  plan  process. 

If  livestock  are  found  to  be  causing  damage  to  any  portion  of  the 
project,  requests  may  be  made  to  fence  these  areas,  excluding  them 
from  livestock  grazing. 

To  maintain  a  stable  hydrologic  condition,  sediment  would  not  be 
removed  from  ponding  dikes.  If  extra  storage  of  water  is  needed, 
additional  ponding  dikes  or  other  retention  structures  should  be 
constructed. 

VI.  Benefit  Analysis 

A.  Assumptions 

1.  X  Annual  Sediment  Yield  =  3-6  Tons/Acre  (Average  =  4.5) 

2.  X  Annual  Salt  Yield  =  0.08-0.17  Tons/Acre  (Average  =  0.13) 

3.  Salt  Content  =  2%   of  Sediment  by  Weight 

4.  One  half  of  the  X  Annual  Salt  and  Sediment  Yield  is  retained  by 
the  Proposed  Project 

5.  Benefit  of  Salinity  Reduction  is  Equal  to  $54.  Per  Ton  of  Salt 
(Water  and  Power  Resource  Service,  1980) 

6.  Depreciation  Rate/Opportunity  Cost/Interst  Rate  =  0.078 

B.  Computations 

.  Cost  of  Project  =  $29,747 

Sediment  Storage  Capacity  of  Project  =  50  Acre-Feet 
(2069  Tons  of  Sediment  per  Acre-foot) 

50  Acre-Feet  x  2069  Tons/Acre-Foot  =  103,450  Tons  (Project 
Sediment  Storage  Capacity) 

Total  X  Annual  Sediment  Yield 

4.5  Tons/Acre/Year  X  2,368  Acres  =  10,656  Tons/Year 

One-half  Retained  by  Project  10,656  =  5,328  Tons/Year 

2 

Project  Life  103,450  Ton  Capacity  =  19.4  or  20  Years 
5,328  Tons/Year 

Salt  Content  2t   x  103,450  Tons  Sediment  =  3,100  Tons  Salt 
over  20  Year  Project  Life 
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Total  Cost  of  Project  Ammortized  Over  20  Years      =  $  59,697 

Annual  Cost  of  Project  =  $  2,985 

Total  Benefits  from  Salt  Reduction  ($54  X  3,100  Tons)=  $167,400 

Annual  Benefits  from  Salt  Reduction  =  $  8,370 


Ratio  of  Annual  Benefits'^  to  Costs* 


=  2.8 


1.  This  assumption  may  require  further  revisions. 
*   Maintenance  costs  not  included. 

A   Does  not  include  additional  benefits  as  described  under 
Section  I.D. 
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Memorandum 


To:      Dennis  Murphy,  UBRA  Hydrologist 

From:    Lin  Fehlmann,  Water  Rights  Coordinator 

Subject:  Water  Rights  -  Elephant  Skin  Erosion  Control  Project. 


On  May  22,  1984  I  visited  with  Ralph  Kelling,  Division  Engineer  for  Water  Divi- 
sion 4.  We  discussed  the  possibility  of  BLM  acquiring  water  rights  to  the  ero- 
sion control  structures  for  the  Elephant  Skin  Project  (a  matter  you  and  I  had 
briefly  discussed  with  Ralph  on  April  3,  1984) . 

Mr.  Kelling  does  not  feel  we  need  to  acquire  water  rights  on  the  erosion  control 
structures.   Firstly,  the  water  supply  for  these  structures  is  of  very  short 
duration-i.e. ,  heavy  rains  and  spring  runoff  from  intermittent  drainages.   Secon- 
dly, there  are  no  existing  downstream  water  users  that  would  be  injured  by  our 
developments  and  runoff  would  flow  back  into  the  natural  drainages/canals. 

In  my  judgment,  water  rights  are  unnecessary  in  this  case.   If  management  de- 
cides to  pursue  the  issue,  the  most  we  could  obtain  would  be  an  "Application  for 
an  Erosion  Control  Structure"  on  each  development.   This  would  be  costly  and  im- 
practical, due  to  the  short  lifespan  of  these  structures. 


ci,ij.  M'^^^--^ 


Qi^' 


3« 


r  c, 

ELEPHANT  SKIN  WASH  SALINITY  CONTROL  PROJECT 

MONITORING  PLAN 


I.   INTRODUCTION 


This  monitoring  plan,  being  prepared  as  part  of  the  Elephant  Skin  Wash 
Watershed  Activity  Plan  (see  page  24  of  said  plan),  is  to  evaluate  the  short- 
and  long-term  effectiveness  of  the  project.   The  objectives  of  the  project  are 
discussed  in  the  activity  plan  and  include:   the  retention  of  both  sediment 
and  salinity,  reduced  downstream  runoff,  and  an  increase  in  vegetation  and 
on-site  water  for  livestock  and  wildlife.   This  plan  will  describe  the  data 
collection  methodologies  and  time  frames  necessary  to  monitor  the  project  for 
these  objectives.   It  is  the  intent  of  this  monitoring  plan  to  not  only 
provide  useful  data  for  the  Elephant  Skin  Wash  project  but  to  aid  in  the 
design  and  location  of  future  projects  with  similar  objectives. 

At  the  time  this  monitoring  plan  was  prepared  (summer  1985)  only  Project 
Site  1,  Site  2A,  and  Site  2B  (see  activity  plan  page  4)  have  been  funded  and 
constructed.   This  plan,  therefore,  will  pertain  to  those  sites  only.   This 
plan  will  include  monitoring  of  the  remaining  sites  (Site  3  and  Site  4)  as 
they  are  completed. 

The  data  collected,  as  described  by  this  plan,  will  be  compiled,  interpreted 
and  incorporated  into  the  Uncompahgre  Basin  Resource  Area  Project  File  7240. 


Sediment  and  Salinity  Retention 

The  benefits  of  sediment  retention  will  be  realized  from  both  the  diversion 
dams  and  ponding  dikes  on  Project  Site  1  and  Site  2.   In  the  short-term, 
sediment  retention  volumes  will  be  measured  annually  (late  summer/early  fall) 
for  five  consecutive  years  immediately  following  project  construction.   The 
first  sediment  measurements  will  be  taken  in  1986.   For  the  long-term,  the 
frequency  of  sediment  volume  measurements  will  be  extended  to  every  fifth 
year,  and  again  measured  during  late  summer  or  early  fall.   For  sediment 
measuring  methodologies,  see  Appendix  I. 

The  data  from  the  recording  raingage  (see  Figure  1)  will  allow  the  development 
of  a  sediment  yield/precipitation  relationship  for  the  subject  area. 

Salinity  retention  benefits  are  only  being  calculated  from  the  ponding  dikes 
due  to  the  potential  of  salt  from  the  diversion  dams  flushing  back  into  the 
stream  system  via  the  emergency  spillway.   For  specific  methodologies  see 
Appendix  I. 
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Photo  Points 

Photo  points  are  permanently  established  (using  fence  posts)  to  detect  visual 
changes  on  the  project  area.   For  photo  point  locations  see  Figure  1.   Photo 
point  number  1  on  Site  2  is  used  to  photograph  both  diversion  dams  and  ponding 
dikes.   Photo  points  number  2  and  3  are  located  on  Project  Site  1.   Photo 
point  number  2  photographs  the  ponding  dikes  while  photo  point  number  3 
photographs  the  diversion  dam. 

Photographs  will  be  taken  annually  (late  August  or  early  September)  for  the 
first  five  years  post  project  construction  and  then  every  fifth  year. 


Downstream  Flood  Control 

This  benefit  of  the  project  will  not  be  quantitatively  monitored.   It  is 
assumed  that  as  long  as  the  diversion  dams  and  ponding  dikes  are  functional, 
some  degree  of  downstream  flood  control  is  being  provided.   The  project  will 
not  only  retain  runoff  waters  but  will  increase  flow  paths  and  lag  times. 

Over  time,  the  data  collected  from  the  recording  raingage  at  Site  2  will  allow 
a  better  understanding  of  the  precipitation/runoff  relationships  for  Elephant 
Skin  Wash.   This  could  lead  to  improved  design  and  location  of  future  projects 
In  this  or  similar  areas. 


Seasonal  Water  for  Livestock  and  Wildlife 

As  long  as  the  project  is  functional  (has  some  water  storage  capacity),  water 
will  be  seasonally  available  for  livestock  and  wildlife.   However,  due  to 
muddy  conditions  around  the  project  structures,  livestock  water  will  need  to 
be  pumped  from  the  ponds  and  into  troughs,  etc.   Also,  at  certain  times, 
salinity  levels  may  be  so  high  as  to  render  the  water  unpalatable  to  livestock 
and/or  wildlife. 

As  of  August  1985,  wildlife  species  using  the  project's  water  included 
prairie  dogs,  deer,  coyote,  doves,  and  raccoon. 


Increased  Vegetation  Cover 

The  ponding  dike  areas  are  expected  to  support  a  higher  vegetation  cover  over 
the  long-term  than  that  of  the  pre-project  area.   This  will  be  monitored  by 
measuring  vegetation  cover  along  established  transects  (see  Figure  1). 
Transects  A  and  C  are  within  ponding  dike  areas.   Transect  B  is  on  the  control 
area.   This  data  will  be  collected  the  second  year  after  project  construction, 
then  every  fifth  year.   For  sampling  methodology  see  Appendix  II. 
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APPENDIX  I 
SALINITY  AND  SEDIMENT  RETENTION  VOLUME  MEASUREMENTS 


To  calculate  sediment  retention  volumes,  all  of  the  structures  on  Site  1  and 
Site  2  have  been  surveyed.   Site  1  consists  of  one  diversion  dam  and  twelve 
ponding  dikes.   Site  2  has  two  diversion  dams  and  ponding  dikes.   The  surveys 
of  these  structures  will  be  used  to  develop  plan  views,  showing  elevation 
contours  (using  spillways  or  CMPs  for  references)  and  sediment  depth  vs. 
volume  of  sediment  graphs. 

Sediment  volumes  for  each  structure  can  be  estimated  by  measuring  the 
elevation  distance  between  the  spillways  (highest  point  on  spillway)  on  the 
ponding  dikes  or  the  bottom  of  the  CMP  on  the  diversion  dams  and  the  sediment 
level  behind  each  structure.   This  value  should  then  be  subtracted  from  the 
maximum  pond  depth  to  yield  the  actual  sediment  depth.   By  using  this  value 
and  the  corresponding  sediment  depth  vs.  volume  of  sediment  graph,  the  total 
amount  of  retained  sediments  can  be  estimated  for  each  structure.  These 
values  can  then  be  summed  to  arrive  at  a  sediment  retention  value  for  the 
total  project. 

This  method  assumes  that  the  sediment  deposits  will  aggrade  completely 
horizontal.   Therefore,  calculation  of  the  volume  of  any  sloped  sediment 
deposits  will  require  additional  surveying. 

Monitoring  salinity  in  the  project  will  require  three  separate  procedures. 
These  will  generally  consist  of  (1)  base  line  salinity  measurements  of  ponding 
dike  substrate  material  prior  to  runoff;  (2)  the  development  of  an  average 
salt  to  sediment  ratio  of  runoff  water  delivered  to  the  ponding  dikes;  and 
(3)  salinity  measurements  of  ponding  dike  sediments  to  determine  the  long-term 
salt-trapping  efficiency  of  the  project. 

The  specific  methodologies  for  these  three  procedures  follow. 


A .   Ease  Line  Salinity  Measurements  of  Ponding  Dike  Substrate  Material 

On  September  9,  1985,  five  composite  samples  were  collected  of  ponding 
dike  substrate  material.   On  Site  1,  Ponding  Dike  1,  Dike  6,  and  Dike  12 
were  sampled  and  both  dikes  on  Site  2  were  sampled.  Each  dike  was  sampled 
by  combining  ten  soil  cores  (approximately  four  inches  deep),  equally 
spaced  across  the  dike's  ponding  area.   Two  soil  sample  cans  were  filled 
from  each  ten  core  composite  samples  (total  of  ten  cans).   These  samples 
will  be  used  to  detect  potential  changes  in  substrate  salinity  levels  over 
time  (i.e.,  as  compared  to  salinity  levels  after  runoff  waters  enter  the 
ponding  dikes). 
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B.   Salinity/Sediment  Ratios 

To  arrive  at  an  estimate  of  the  salinity  delivered  to  the  dike  systems 
over  time,  the  following  procedure  will  be  used:   either  a  series  of 
single-stage  US  SS-59  samplers  or  an  automatic  sediment  sampler  will  be 
installed  at  the  CMP  outlets  on  Diversion  Dam  1  and  Dam  2B.   These  units 
will  be  installed  so  a  series  of  water  samples  are  collected  from  each 
runoff  event.   Each  sample  will  be  analyzed  for  total  suspended  sediment 
(TSS)  and  total  dissolved  solids  (TDS).   These  values  will  then  be 
averaged  and  a  salinity/sediment  ratio  calculated. 

Then,  by  measuring  the  sediment  retention  volumes  (described  in  earlier 
sections  of  this  appendix)  and  multiplying  this  value  by  the  average 
salinity/sediment  ratio,  the  volume  of  salt  delivered  to  the  ponding  dikes 
can  be  estimated. 


Sediment  retained  X  (x  salinity  ppm)  =  Tons  of  salt  delivered  to 
(tons)  1  ppm  sediment    ponding  dikes 

Note:  The  error  source,  which  is  the  sampled  salt/sediment  ratio,  will  be 
quantified  and  replicated  so  confidence  bands  can  be  put  on  the  total  tons 
of  salt  delivered  to  the  ponding  dikes. 


C.   Long-Term  Salt  Trapping  Efficiency  of  Project 

In  FY  1995,  ten  years  post  project  construction,  a  systematic  sampling 
procedure  will  be  used  to  collect  samples  of  both  deposited  sediment  and 
substrate  material  in  the  ponding  dikes.   These  samples  will  be  analyzed 
for  salinity  concentrations.   Then,  by  subtracting  out  the  pre-runoff 
substrate  salinity  (see  Section  A  of  this  appendix)  and  comparing  the 
amount  of  salt  trapped  by  the  ponding  dikes,  using  the  sampling  procedure 
described  above,  to  the  amount  delivered  to  the  project  (see  Section  B  of 
this  appendix),  the  salt-trapping  efficiency  can  be  calculated. 

Salt  trapping  =  (measured  salt  trapped  -  pre-runoff  substrate  salinity) 

measured  salt  delivered 

Eventually  the  procedures  described  in  this  appendix  will  allow  a 
comparison  to  be  made  between  the  long-term  sediment  and  salinity 
retention  values  and  the  original  project  estimates  contained  in  the 
activity  plan. 

The  salt  chemistry  of  water  in  the  project  area  can  be  evaluated  from  two 
water  quality  samples  taken  from  snowmelt  runoff  on  Site  1  and  Site  2  (see 
Project  File  7240). 
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APPENDIX  II 
VEGETATION  COVER  MONITORING 


Permanent  frequency  quadrat  transects  have  been  established  on  Site  1  and 
Site  2  in  addition  to  a  control  area  (see  Figure  1).   The  start  of  each 
transect  is  field-marked  with  a  fence  post.  A  site-specific  description  of 
each  transects  follows. 

A.   Transect  A  (Site  2) 

The  start  of  this  transect  is  located  on  the  northeast  side  of  the  first 
ponding  dike.   From  the  fence  post,  the  transect  extends  100  paces  or 
approximately  500  feet  in  a  lineal  direction  234  degrees  from  true  north. 
The  transect  extends  through  the  ponding  area  on  Dike  1  and  partially  into 
the  area  of  Dike  2. 


B.   Transect  B  (Control  Area) 

This  transect  is  located  south  of  the  road  between  Site  1  and  Site  2  (see 
Figure  1).   From  the  fence  post,  the  transect  extends  100  paces  or 
approximately  500  feet  in  a  lineal  direction  48  degrees  from  true  north. 
The  transect  roughly  parallels  and  lies  between  the  road  and  the  main 
drainage  channel. 


C.   Transect  C  (Site  1) 

The  start  of  this  transect  is  located  just  below  Dike  7.   From  the  post, 
the  transect  extends  100  paces  or  approximately  500  feet  in  a  lineal 
direction,  132  degrees  from  true  north. 


D.   Methodology  for  Monitoring  Procedures 

Data  collection  method  for  each  transect: 

1.  Pace  in  the  direction  of  the  transect. 

2.  Every  pace  (2  steps)  when  the  right  foot  hits  the  ground,  place  the 
frequency  quadrat  frame  beside  the  right  foot  . 

3.  Record  cover  (bare  ground,  rock,  litter,  live  vegetation,  and 
overstory  cover  if  there  is  not  a  live  vegetation  hit  below  it)  at  the 
four  corners  and  at  the  end  of  the  middle  tine  on  the  quadrat  frame. 
This  will  produce  a  total  of  five  readings. 


c  c 


4.  This  process  is  repeated  for  100  paces  (200  steps)  for  a  total  of  500 
cover  readings. 

5.  Percent  cover  is  calculated  by  dividing  the  sum  of  the  total  litter 
and  live  vegetation  hits  by  500;  this  value  is  then  multiplied  by 
100. 
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ABSTRACT 


Control  of  nonpoint  source  water  pollutants  poses  special 
challenges  on  western  rangelands.  The  public  range- 
lands  managed  by  the  Bureau  of  Land  Management  are 
often  characterized  by  unstable  sedimentary  geologic 
parent  material,  semiarid  climate,  and  sparse  vegetation. 
Intense  summer  thunderstorms  produce  locally  heavy 
runoff.  Where  marine  shales  are  exposed  at  the  surface, 
their  sediments  often  contain  high  concentrations  of  solu- 
ble salts.  The  immense  size  of  the  sediment-  and  salt- 
producing  areas  poses  treatment  problems,  both  from  a 
technical  and  ecorwmic  starnjpoint.  Treatment  objectives 
include  retention  of  runoff  water  and  stabilization  of  ac- 
tively eroding  gullies  in  headwater  areas.  Watershed  im- 
provement projects  are  desigr>ed  to  provide  multiple  re- 
source benefits,  such  as  water  supplies  for  livestock  and 
wildlife,  improvement  of  water  quality,  and  retention  or 
enhancement  of  site  primary  productivity.  Two  represent- 
ative watershed  improvement  projects  are  described: 
Sheep  Creek  Resource  Conservation  Area  in  southern 
Utah  and  Lower  Missouri  Creek  Tributaries  Stabilization 
Project  in  northwestern  Colorado. 


Sediment  and  salts  are  major  nonpoint  source,  water  qual- 
ity constituents  on  western  rangelands.  They  occur  natu- 
rally in  runoff  but  may  be  increased  by  management  activi- 
ties and  become  issues  when  they  affect  beneficial  uses 
of  water.  Sediment  production  is  highest  on  lands  with 
steep  slopes,  sparse  vegetation  cover,  and  erodible 
soils — common  conditions  on  western  U.S.  rangelands 
(U.S.  Dep.  Agric,  1980).  Salinity  is  a  problem  in  the  Colo- 
rado River  Basin  where  eroded  sediments  have  naturally 
high  soluble  salt  contents  (Hawkins  et  al.  1977;  U.S.  Dep. 


Inter.  1978).  Public  lands  in  the  upper  Colorado  River 
Basin  produce  about  650,000  metric  tons  of  salt  annually, 
or  about  8  percent  of  the  upper  basin  salt  load  from  diffuse 
overland  sources  (U.S.  Dep.  Inter,  1978). 

We  recently  reported  on  the  approach  the  Bureau  of 
Land  Management  (BLM)  uses  to  identify  nonpoint 
sources  of  pollution  on  public  lands  (Van  Haveren  et  al. 
1985).  In  this  paper  we  describe  the  specific  strategies 
and  control  technologies  BLM  has  employed  to  reduce 
salt  and  sediment  production  on  western  rangelands. 

CONTROL  PLANS 

Developing  effective  salt  and  sediment  control  plans  re- 
quires: (1)  the  establishment  of  resource  management  ob- 
jectives. (2)  the  identification  and  quantification  of  man- 
ageable hydrologic  processes,  (3)  the  investigation  of 
cause  and  effect  relationships,  (4)  the  stratification  of 
treatment  areas,  and  (5)  the  selection  and  evaluation  of 
alternative  treatment  techniques. 

Whichever  watershed  ^T^nagement  techniques  are 
eventually  implemented,  multiple  resource  values  may  be 
affected,  including  forage  production,  water  supplies  for 
livestock  and  wildlife,  improved  water  quality,  enhanced 
wildlife  habitat,  reduced  soil  loss,  control  of  downstream 
flooding  and  channel  erosion,  and  reductions  in  down- 
stream sediment  and  salt  delivery.  The  overall  goal  in  de- 
veloping sediment  and  salinity  control  plans  is  to  provide 
an  optimum  mixture  of  resource  benefits  consistent  with 
overall  resource  management  objectives. 

Establishment  of  Objectives 

Objectives  for  controlling  salt  and  sediment  should  relate 
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to  both  the  processes  to  be  influenced  and  the  manage- 
ment goals  to  be  achieved.  In  establishing  management 
objectives  for  sediment  and  salinity  control,  con-esponding 
objectives  need  to  t>e  established  for  related,  affected  re- 
source values.  This  will  enable  a  meaningful  analysis  of 
tradeoffs  associated  with  alternative  treatment  tech- 
niques. If  possible,  objectives  need  to  be  quantified  so  that 
progress  in  achieving  them  can  be  effectively  monitored 
and  evaluated. 

Identification  and  Quantification  of 
Manageable  Processes 

The  identification  and  quantification  of  manageable  proc- 
esses and  variables  is  accomplished  as  part  of  the  water- 
shed analysis  procedure  (Solomon  et  al.  1962;  Gebhardt, 
1985).  However,  more  detailed  or  site-specific  quantifica° 
tion  may  be  required  for  project  design  or  for  ranking  indi- 
vidual treatment  alternatives.  Most  sediment  and  salinity 
control  projects  require  information  on  both  long-term  and 
runoff  and  sedimentation  rates,  and  single-storm  design 
values  for  runoff,  peak  flows,  and  sediment  yield. 

In  quantifying  manageable  salt  and  sediment  proc- 
esses, it  is  useful  to  distinguish  between  natural  and  man- 
agement induced  problems.  Generally  BLM  prefers  to  cor- 
rect management  induced  problems  rather  than  control 
natural  processes. 

Investigation  of  Cause-and-Effect 
Relationsiiips 

Distinguishirig  between  causes  and  effects  is  very  impor- 
tant when  evaluating  sediment  and  salinity  problems.  For 
example,  high  gully  erosion  rates  may  be  the  result  of 
local  or  regional  changes  in  base>level  controls,  or  they 
may  be  caused  by  runoff  in  excess  of  the  thresholds,  the 
reductk}n  of  streamside  vegetation,  or  some  combination 
of  causes.  Proper  identification  and  quantification  of  the 
causes  of  a  problem  will  more  likely  lead  to  the  proper 
selection  of  treatment  techniques  than  will  a  simple  quan- 
tification of  the  problem  symptom  (such  as  erosion  rates). 
Of  partteular  importance  in  investigating  salinity  issues  is 
the  relationship  t}etween  sediment  and  salt.  Where  highly 
saline  soils  are  eroding,  we  assume  that  controlling  sedi- 
ment will  also  control  salt.  However,  other  salt  transport 
mechanisms,  including  interflow  end  ground  water  flow, 
may  not  be  manageable  by  controlling  runoff  and  erosion. 

Stratification  of  Treatment  Areas 

Where  large  watersheds  (>  50  km^  are  to  be  treated,  we 
recommend  dividing  the  area  into  treatment  units.  The 
stratification  is  based  on  topographic  considerations,  in- 
cluding soils  and  vegetation,  salt  and  sediment  source 
areas,  locations  where  controlling  processes  can  be  man- 
aged, and  treatment  potential.  After  identification,  treat- 
ment units  are  ranked,  based  on  both  the  sediment  or  salt 
production  rating  and  treatability  of  the  area.  The  applica- 
tion of  this  concept  to  the  Lower  Wolf  Creek  watershed  is 
discussed  later  in  this  paper 

TREATMENT  TECHNIQUES 

Controlling  salinity  in  surface  runoff  from  rangelands  is 
closely  related  to  controlling  soil  erosion.  Vegetation  cover 
is  usually  the  most  important  management  variable  influ- 
encing runoff  and  erosion  rates  on  rangelands. 

Therefore,  vegetation  management,  either  directly 
through  vegetation  manipulation  or  indirectly  through  the 
design  and  implementation  of  livestock  grazing  plans,  is 
an  important  erosion  and  salinity  control  technique.  How- 
ever, on  the  most  highly  saline  rangelands,  maximum  po- 


tential cover  is  usually  too  tow  to  provide  meaningful  con- 
trol of  surface  runoff  and  erosion.  In  these  cases,  or  in 
situations  where  the  watershed's  condition  is  so  severely 
degraded  by  past  management  practices  that  natural  re- 
covery will  be  inefficient,  mechanical  land  treatments  and 
structural  alternatives  may  be  the  most  effective  erosion 
and  salinity  control  techniques. 

Vegetation  Management 

Vegetation  cover,  including  canopy  cover,  ground  cover, 
and  litter,  reduces  upland  soil  loss  by  protecting  soil  from 
direct  raindrop  impact  and  by  reducing  surface  runoff  ve- 
locities. Vegetation  also  intercepts  rainfall  and  enhances 
soil  infiltration  properties,  thus  reducing  runoff  volume  and 
its  erosive  capacity,  both  on  hillslopes  and  in  stream  chan- 
nels. 

Livestock  grazing  affects  vegetation  cover  by  influenc- 
ing species  composition,  vigor,  production,  and  forage 
use.  Most  studies  have  shown  that  runoff  and  erosion 
increase  with  grazing  intensity  (Lusby,  1979a;  Gifford  and 
Hawkins,  1978).  Generalized  relationships  between  live- 
stock grazing  and  vegetation  cover,  however,  have  not 
been  forthcoming.  Common  erosion  estimation  tech- 
niques, such  as  the  Universal  Soil  Loss  Equation  (Wis- 
chmeier  and  Smith.  1978),  that  require  information  on 
vegetation  cover  are  difficult  to  apply  given  information 
only  on  livestock  grazing  or  forage  use.  Thus,  it  is  difficult 
to  accurately  predict  the  effects  of  livestock  grazing  sys° 
tems  on  erosion.  Nevertheless,  proper  land  use,  including 
well-designed  grazing  systems,  is  the  preferred  method  of 
achieving  watershed  management  objectives  (Moore  et 
al.  1979;  Van  Haveren  et  al.  1985). 

The  most  common  techniques  for  direct  vegetation  ma- 
nipulation on  rangelands  include  pinyon-juniper  control  \ 
and  big  sagebrush  control.  Both  techniques  involve  elimi- 
nating pinyon-juniper  or  big  sagebrush  stands  by  mechan- 
ical or  chemical  means  or  burning.  Either  native  grasses 
and  fort}s  are  permitted  to  reestablish  naturally  or  grasses 
are  planted.  General  conclusions  concerning  the  effec- 
tiveness of  vegetation  conversions  in  reducing  runoff  and 
soil  k)ss  on  rangelands  are  not  available.  However,  the 
many  discrepancies  in  the  literature  suggest  that  vegeta- 
tion manipulations  may  not  t>e  reliable  techniques  for  con- 
trolling sediment  and  salinity  In  many  cases,  vegetation 
conversions  have  resulted  in  more  desirable  forage  spe- 
cies for  livestock,  but  have  not  significantly  reduced  runoff 
or  soil  loss  (Williams  et  al.  1972;  Gifford  et  al.  1970;  Gif- 
ford, 1972;  Gifford  and  Busby.  1974;  Blackburn  and  Skau, 
1974).  In  some  cases  involving  sagebrush  conversion  to 
grass  (Lusby  1979b)  runoff  and  sediment  yield  have  been 
reduced  significantly 

Meciianical  Land  Treatments 

Mechanical  land  treatments  involve  soil  tillage  techniques 
such  as  contour  furrowing,  ripping  and  pitting.  Tillage  is 
generally  applied  to  increase  infiltration  volumes.  This 
may  be  accomplished  by  increasing  infiltration  capacities 
or  depression  storage  (thus,  the  time  available  for  infiltra- 
tion), or  both.  When  successful,  runoff  and  erosion  can  be 
reduced.  Salinity  t}enefits  will  be  proportional  to  the 
amount  of  salt  in  the  controlled  runoff  and  sediment.  If 
improved  soil  moisture  regimes  improve  vegetation  cover, 
benefits  derived  from  mechanical  land  treatments  may  be 
sustained  indefinitely  given  compatible  subsequent  land 
use  management.  If  improved  cover  is  not  achieved  or 
maintained,  benefits  from  mechanical  land  treatments 
may  be  short-lived. 

Contour  furrows  are  usually  constructed  within  a  re- 
seeding  and  grazing  management  program,  primarily  to 
increase  depression  storage  and  the  time  available  for 
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infiltration.  Furrows  are  not  recommended  on  slopes 
greater  than  10  percent,  and  are  most  effective  in  medium 
to  fine  textured  soils.  Furrows  have  finite  lives  (Branson  et 
al.  1966)  that  are  a  function  of  their  storage  capacity  in 
relation  to  runoff  and  erosion  at  the  site.  When  functioning 
properly,  they  eliminate  most  runoff  from  a  site. 

Ripping,  unlike  furrowing,  generally  influences  depres- 
sion storage  very  slightly;  the  main  benefits  must  be 
achieved  by  increasing  soil  infiltration  capacities.  This  is 
most  effective  on  severely  compacted  soils  such  as  on 
roads  or  reclaimed  mined  lands,  or  on  soils  where  a  shal- 
low pan  layer  restricts  downward  water  movement.  In 
most  rangelands,  ripping  either  has  not  significantly  irrv 
proved  infiltration  or  cover  (Branson  et  al.  1966;  Dor- 
tignac,  1963),  or  has  produced  very  short-lived  benefits 
(Aldon  and  Garcia,  1972).  However,  Griffith  et  al.  (1985) 
found  ripping  to  be  effective  in  increasing  herbage  pro- 
duction on  shortgrass  prairie  in  southeastern  Wyoming. 

Land  treatment  techniques  must  be  carefully  tailored  to 
the  site,  with  topography  and  soil  characteristics  dictating 
treatment  types  and  design. 

Structural  Techniques 

Common  structural  techniques  used  in  managing  runoff, 
sediment,  and  salt  yields  include  rangeland  dil<es,  reten- 
tion plugs,  retention  and  detention  reservoirs,  and  gully 
plugs.  Retention  and  detention  structures  trap  runoff  and 
sediment  volumes  in  accordance  with  their  design  capaci- 
ties. Generally,  total  runoff  retention  is  required  for  a  struc- 
ture to  effectively  control  salinity  Gully  plugs  usually  have 
small  retention  capacities,  but  provide  salt  and  sediment 
control  by  reducing  erosion  in  active  gully  systems. 

In  addition  to  effectively  controlling  downstream  im- 
pacts associated  with  runoff,  erosion,  and  salinity  proc- 
esses, retention/detention  structures  may  provide  local- 
ized onsite  benefits.  Reservoirs  provide  water  for  livestock 
and  wildlife.  Even  after  filling  with  sediment  they  may  pro- 
vide a  ripanan-like  habitat.  Gully  plugs,  when  properly  lo- 
cated, can  cause  overincised  channels  to  aggrade  and,  if 
conditions  are  adequate,  result  in  the  creation  or  restora- 
tion of  streamside  riparian  zones  (Heede,  1981).  Dikes 
and  widely  spaced  furrows  (>  5  m)  usually  do  not  increase 
vegetation  production  (Branson  et  al.  1966)  unless  they 
are  constructed  as  part  of  a  water-spreading  system 
(Miller  etal.  1969). 

To  control  salinity  reservoirs  must  be  designed  with  suf- 
ficient storage  to  trap  all  incoming  runoff.  While  a  retention 
structure  will  cease  to  function  for  salinity  control  after  it  is 
filled  with  sediments  in  excess  of  its  design  capacity  a 
proper  spillway  will  keep  the  structure  from  failing  and 
becoming  a  future  source  of  salt  and  sediment.  Mainte- 
nance of  retention  structures— either  by  excavating  stored 
sediments  or  by  increasing  their  height — will  allow  the 
structures  to  function  beyond  their  original  design  life. 

In  highly  saline  areas,  retention  structures  are  usually 
the  only  practical  management  alternative.  The  feasibility 
of  constructing  these  types  of  structures  depends  upon 
identifying  secondary  benefits,  such  as  flood  control,  wa- 
ter supply  and  wildlife  habitat.  In  less  saline  areas,  onsite 
benefits  to  water  supply  vegetation  production,  and  ripar- 
ian enhancement  associated  with  retention  structures  of- 
ten will  be  greater  than  in  highly  saline  areas,  but  mechan- 
ical treatments  and  vegetation  management  also  may  be 
feasible  treatment  strategies,  depending  upon  the  man- 
agement objectives. 

CASE  STUDIES 

Two  BLM  watershed  improvement  projects,  both  in  the 
Colorado  River  Basin,  are  desc'ribed  here.  Both  are  exam- 


ples of  wells>lanned.  properly  designed  sediment-  and 
salt-control  projects. 

Sheep  Creek,  Utah 

Sheep  Creek  is  a  tributary  to  the  Paria  River,  one  of  the 
highest  sediment-producing  watersheds  in  the  Colorado 
Basin.  Chosen  in  the  1950's  for  an  intergovernmental  re- 
source conservation  project.  Sheep  Creek  is  an  exem- 
plary watershed  improvement  project  because  of  good 
interagency  cooperation,  primarily  at  the  field  level,  and 
because  of  a  well-planned  mix  of  properiy  designed  water- 
shed treatments. 

The  Sheep  Creek  project  area,  50.1  km^  in  size,  drains 
mid-elevation,  pinyon-juniper  badlands  and  sagebrush  on 
the  south  boundary  of  Bryce  Canyon  National  Park  in 
southern  Utah.  Land  ownership  is  mixed  and  includes 
public  lands  managed  by  the  BLM,  Forest  Service,  and 
National  Park  Service,  and  private  lands.  Treatments  in- 
cluded a  concrete  barrier  dam  on  Sheep  Creek  at  the 
downstream  end  of  the  project  area,  detention  dams  and 
dike  water  spreader  systems  on  the  sagebrush  flats,  pin- 
yon-juniper to  grass  vegetation  conversions,  and  gully 
checks  and  reseedings  in  the  upper  end  of  the  watershed. 

The  barrier  dam  was  constructed  in  1961  by  the  Bureau 
of  Reclamation  to  provide  base-level  control  for  the  project 
area.  As  of  April  1984,  43.9  ha-m  of  sediment  had  been 
trapped  behind  this  structure  and  915  m  of  the  main 
Sheep  Creek  channel  were  stabilized. 

BLM  constructed  two  earthen  detention  dams  on  Sheep 
Creek  Rat,  a  large  sagebrush  flat  in  the  upper  Sheep 
Creek  watershed.  These  dams  have  accumulated  large 
sediment  deposits  and  have  also  been  successful  water 
control  structures  because  their  capacities  are  large  in 
relation  to  their  contributing  areas. 

One  of  the  most  successful  treatments  included  a  series 
of  several  hundred  small  gully  checks  constructed  at  the 
extreme  upper  end  of  Sheep  Creek.  These  checks  were 
installed  at  a  very  high  density  and  successfully  planted  to 
western  wheatgrass.  They  trapped  large  quantities  of  sed- 
iment and  stabilized  a  downstream  gully  system. 

Benefits  realized  from  the  Sheep  Creek  watershed  pro- 
ejcts  include  the  following:  (1)  an  estimated  125  ha-m  of 
sediment  trapped  behind  erosion  and  water  control  struc- 
tures, (2)  an  estimated  1 ,000  m  of  main  channel  aggrada- 
tion, (3)  an  estimated  6  ha  of  riparian  vegetation  estab- 
lished behind  the  Sheep  Creek  Barrier  Dam,  increasing 
tx)th  cover  and  diversity  for  wildlife  habitat,  (4)  an  esti- 
mated 10  km  of  gullies  healed,  (5)  improved  watershed 
cover  on  an  estimated  200  ha,  (6)  reduction  of  flood 
peaks,  (7)  establishment  of  perennial  flow  at  the  Sheep 
Creek  Barrier  Dam,  and  (8)  improved  forage  production 
(unable  to  quantify). 

In  addition,  dissolved  solids  in  Sheep  Creek  may  have 
decreased  in  concert  with  the  sediment  reductions. 

Lower  Wolf  Creek,  Colorado 

The  Lower  Wolf  Creek  project  area  covers  319  km^  and 
represents  58  percent  of  the  entire  Wolf  Creek  drainage, 
which  is  tributary  to  the  White  River  in  northwestern  Colo- 
rado. Salinity  reduction  was  one  of  the  management  ob- 
jectives for  Lower  Wolf  Creek  (U.S.  Dep.  Inter.,  1982).  Be- 
cause of  its  large  size,  the  Lower  Wolf  Creek  project  area 
was  stratified  into  treatment  units  (Table  1).  Treatment 
techniques  were  designed  to  trap  and  retain  runoff  and 
sediment  from  saline  soils. 

The  Lower  Wolf  Creek  project  is  in  its  third  year  of  im- 
plementation. Initial  treatments  included  large  reservoir 
repair  and  maintenance,  pit  reservoirs,  gully  checks,  and 
earthen  retention  dams.  These  initial  treatments  have 
been  applied  to  the  high-priority  treatment  units.  As  a  step 
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in  determining  the  cost  effectiveness  of  the  project,  bene- 
fit/cost ratios  were  determined  for  each  structural  treat- 
ment type,  using  saiinity  control  as  the  primary  benefit 
(Table  2).  This  information  was  used  in  the  project  plan- 
ning to  ensure  that  the  overall  mix  of  treatments  had  a 
positive  benefit/cost  ratio. 

We  do  not  have  any  results  from  the  Lower  Wolf  Creek 
project  at  this  time,  as  it  will  be  several  more  years  before 
the  project  is  fully  implemented.  We  feel  this  project  is  an 
excellent  example  of  how  to  approach  sediment  and  salt 
control  in  a  large  watershed. 

SUMMARY  AND  CONCLUSIONS 

The  development  of  plans  for  salt  and  sediment  control  on 
western  rangelands  requires:  (1)  the  establishment  of  re° 
source  management  objectives,  (2)  the  identification  and 
quantification  of  manageable  hydrologic  processes,  (3) 
the  investigation  of  cause  and  effect  relationships,  (4)  the 
stratification  of  treatment  areas,  and  (5)  the  selection  and 
evaluation  of  alternative  treatment  techniques.  BLM  pre- 
fers to  incorporate  salt  and  sediment  control  objectives  as 
part  of  management  plans  for  grazing,  wildlife  manage- 
ment,  and  other  resource  activities.  When  objectives  can- 
not t>e  met  this  way  techniques  including  vegetation  man- 
agement and  mechanical  and  structural  treatments  may 
be  used  to  control  salt  and  sediment  problems.  Almost  all 
salt  and  sediment  control  techniques  influence  multiple 
resource  values.  Because  of  the  location  of  public  lands  in 
ttie  significant  sediment^  and  salt-producing  river  basins, 
BLM  concentrates  its  control  efforts  in  small  headwater 
streams.  Watershed  projects  at  Sheep  Creek,  Utah,  and 
Lower  Wolf  Creek,  Colorado,  are  specific  examples  of  suc- 
cessful salt  and  sediment  control  programs. 
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Table  1.— Lower  Wolf  Creek  watershed  treatment  units. 


Ikvatment  unit 


Hot 
Water- 
shed 


Description 


Treatments  recommended 


Salt 
production     Priority 


Mancos  shale  uplands 

42 

Mancos  shale  ridges,  gentle  to 
moderate  slopes,  sparse 
vegetation,  and  shallow  soil 

gully  plugs,  contour  furrows, 
grassed  waterways,  pit 
reservoirs,  vegetation 
manipulation,  spreader  dikes 

High 

1 

Mancos  cUluvial 

24 

small  drainages  and  dissected 
benches  and  fans  at  the  base  of 
Mancos  shale  outcrops  and 
grassed  waterways 

reservoirs,  spreader  dikes, 
vegetation  manipulations 

high 

*  1 

2 

Gullied  alluvium 

4 

major  gullied  bottomlands 

large  detention  reservoirs  and 
riparian  planting 

low  to 
moderate 

3 

Sagebrush  uplands 

7 

upland  big  sagebrush  sites  on 
sandstone  around  perimeter  of 
watershed 

vegetation  manipulation  and 
small  check  dams  and  pit 
reservoirs 

tow 

4 

Pinyon-juniper  woodland 
steep  slopes 

23 

steep,  inaccessible  slopes  and 
shallow,  heavy-textured  soil 

none 

moderate 
to  high 

5 

Table  2. — Benefit/cost  data  by  watershed  treatment. 
Life  of  Sediment 


Structures 

project 

storage 

Salt 

Retention 

B/C 

Treatment 

Cost 

per  km^ 

In  years 

capacity 

retention 

benefit 

ratio 

Contour  furrow 

$2.350/km2 

10'  spacing 

10 

8.520  tonne/km* 

256  tonne/km^ 

$15,972/km* 

6.80 

Gully  plug 

$1,770/km2 

865 

15 

6,050  tonne/km* 

181  tonne/km* 

$11.293/km2 

6.38 

Pit  reservoir 

$1,000  ea. 

3 

25 

.03  ha-m 

1 1 .0  tonne 

$686 

.69 

Check  dam 

$1,550  ea. 

3 

25 

.01  ha-m 

4.4  tonne 

$274 

.18 

Retention  dam 

$5,000  ea. 

2 

25 

.41  ha-m 

147  tonne 

$9,171 

1.83 

Detention  dam 

$60,000  ea. 

0.1 

50 

5  ha-m 

1 .758  tonne 

$109,682 

1.83 

Aaaumptions: 

Convvnon  Factors: 

On«  hectare-tn«ter  of  Mdimem  weighs  1  ^  ,878  tonne 
3%  sediment  from  Mancos  Sfiale  equals  ttie  weignt  of  salt 
t  tonne  of  salt  retained  equals  $62.39  bertefit  downstream 
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ABSTRACT:  The  Muicot  Shale  area  of  the  Upper  Colorado  River 
bain  prodnoes  large  quantities  of  (ohitec  In  order  to  develop  an  under- 
standing  of  the  mechanism  of  nit  production  and  to  determine  the 
iottrce  of  alinity,  a  study  of  the  soluble  mineral  content  (SMC)  of 
Mancoa  Shale  and  associated  alluvium  was  undertaken.  SMC  is  hi^y 
variable  in  alluvium  and  associated  surfidal  Mancos  Shale.  However^ 
Hthomotpbological  unia  can  be  identified  in  terms  of  their 


are  saline,  sometimes  ef- 
florescent, in  shale  bedrock  diannels  or  where  channels  abutr 
the  shale. 


(KEY  TERMS:  salt  content;  salinity;  Colorado  River  basin.) 


M) 


INTRODUCTION 


Hi^  salt  content  in  soils  and  hig^  solute  concentrations  in 
runoff  are  a  ma^or  problem  in  most  semiarid  and  arid  regions. 
Mana^ment  techniques  used  to  reduce  the  salinity  hazard  in 
such  areas  should  be  cost  effective  and,  therefore,  based  on 
sound  knowledge  of  salt  accumulation  and  solute  \oti 


spatial  temporal  variations  (Riley,  eiaL7\)fi)f).  Kecent  studies 
have  dealt  with  the  kinetics  of  dissolution  of  saline  surAcial 
materials  in  the  laboratory  (Jurinak,  et  aL,  1977;  Laronne, 
1980)  and  in  the  field  (Shen,  etaL,  1981 ;  The  role  of  sediment 
in  nonpoint  source  salt  loading  within  the  Upper  Colorado 
River  basin,  Completion  Report  No.  107,  Colorado  Water  Re- 
sources  Research  Institute,  213  pp.).  HflflHHHHBHt 


/he  Mancos  Shale  terrain,  ^K^ch  comprises  a  large  part  of 
central  and  lower  portion  of  the  Upper  Colorado  River 
Dasin,  is  a  source  of  considerable  sdute  contribution  to  the 
Colorado  River  (U.S.  Envirorunental  Protection  Agency,  1972). 


incised  or 
gullied  and  produce  very  hi^  sediment  and  solute  yields 
(e.g.,  form,  et  aL,  1965;  Lusby,  etal,  1971).  Moreover,  chan- 
nel incision  into  both  Mancos  Shale  and  associated  alluvium,  a 
process  «4iich  may  have  started  at  the  end  of  the  19th  cen- 
tury (Schunun  and  Hadley,  1957),  is  continuing  at  present 
The  proximity  of  the  alluvial  deposits  to  Mancos  Shale  and 
their  derivation  from  the  Dakota  sandstone  and  Green  River 
shales,  as  well  as  from  the  Mancos  Shale  proper  suggest  that 
they  may  contain  a  high  SMC. 


The  objective  of  this  study  was  to  determine  the  spatial 
variability  of  SMC  in  weathered  Mancos  Shale  and  particularly 
in  Mancos  Shale  derived  alluviu^^  As  the  study  was  carried 
out  in  areas  experieiKing  minimal  anthropogenic  effects  such  as 
irrigation,  grazing,  or  coal  mining,  the  identification  of  this 
spatial  variability  will  aid  in  the  location  of  the  natural  point 
and  diffuse  source  areas  of  high  solute  yields.  Also,  it  estab- 
lished trends  in  SMC,  «1iich  is  essential  for  the  development  of 
mathematical  models  and  land  management  programs  in  areas 
experiencing  salinity  problems.  For  example,  if  the  alluvium 
produces  appreciable  quantities  of  sdutes  then  standard  chan- 
nel control  techniques  could  be  used  to  reduce  both  solute 
and  sediment  contribution  to  the  Colorado  River. 


SPATIAL  VARIABILITY 

The  variability  of  SMC  in  surficial  Mancos  Shale  is  known 
to  be  very  high  (Ponce,  S.  L.,  1975.  Examination  of  a  non- 
point  source  loading  function  for  the  Mancos  Shale  wildlands 
of  the  Price  River  Basin,  Utah.  Unpublished  PhJD.  dissertation, 
Utah  State  University,  177  pp.). 


KBecket  and  Webster  (1971)  re- 
viewed the  literature  on  soil  variability  and  stated  that  because 


*  Paper  No.  80134  of  the  Water  Resources  Bullelin.  Discussions  an  open  until  October  1, 1982. 

'  Respectively.  Lecturei.  Dept.  of  Geography.  Ben  Gurion  Univcnity  of  the  Negev,  Beei-Sheva,  Israel;  and  F\ill  Profesaoi,Dept.  of  Earth  Resources, 
Colorado  Sute  University,  Fort  Collins,  Colorado  SOS 23. 
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the  required  collection  and  analysis  of  a  large  number  of  sam- 
ples is  laborious  and  not  ver>  glamorous,  little  information  is 
?—''able  on  how  much  variability  is  present  in  soils.  They 
P  et  and  Webster,  1971)  did,  however,  conclusively  show 
i.  >••  variabOity  increases  with  increased  area,  and  they  main- 
tained that  this  increase  is  due  to  the  inherent  variability  in 
parent  materials  (e.g.,  localized  mineralization),  microclimate 
(e.g.,  shelter  in  depressions)^  topography  (e.g.,  aspect  and 
formation  of  catenas),  within  soil  processes  (e.g.,  leaching), 
and  biological  activity  (e.g.,  burrowing  animals).  They  con- 
cluded that  as  much  as  half  of  the  variability  (expressed  by  the 
coefiicient  of  variation)  present  within  1  ha  is  already  present 
within  a  few  m^. 

Parametric  statistical  tests  can  be  utilized  to  determine 
whethet  signiflcairt  differences  among  sample  means  exist,  but 
these  tests  demand  kno^edge  of  or  an  assumption  concerning 
the  probability  distribution  function  of  the  tested  variate. 
Many  physical  soU  properties  are  normally  distributed  about 
the  mean,  although  the  distribution  functions  of  most  hy- 
draulic characteristics  are  lognormal  (Mclntyre  and  Tanner, 
1959;  Nielsen,  et  aL,  1973;  Cassel  and  Bauer,  1975;  Van  De 
Pd,  et  aL,  1977).  Little  information  is  available  on  the  dis- 
tribution function  of  chemical  properties,  and  different  func- 
tions deftning  the  increase  in  variability  with  increase  in  area 
have  been  reported  (Becket  and  Webster,  1971). 


^  DESCRIPTION  OF  STUDY  AREAS 

.e  study  areas,  aD  in  Mancos  Shale  terrain,  were  selected 
tolneet  the  requirements  of  having  no  irrigation  or  other 
prominent  man  induced  effects.  In  this  manner,  the  natural 
salt  contribution  from  diffuse  source  areas  could  be  investi- 
gated. Sampling  was  undertaken  in  diannel  reaches  that  re- 
present the  three  types  of  chaimels  i^ch  drain  Mancos  Shale 
outcrops  within  the  Upper  Colorado  River  basin  (Table  1). 
Soils  and  surficial  sediments  were  sampled  from  the  following 
areas:  1)  the  Price  River  Basin,  Utah,  from  an  unnamed 
northern  branch  of  Miller  Creek  (herein  called  North  Miller 
Creek)  with  a  drainage  area  (Aj)  o£  10.5  km^;  2)  West  Salt 
Cteek  (Ad  =  435  km^)  in  the  Grand  Valley,  Colorado;  and 
3)  the  unnamed  *Mesa  Creek'  (Aj  =  1 1.4  km^),  a  tributary  of 
McElmo  Creek  near  Mesa  Verde  National  Park,  Colorado 
(Figure  1).  These  sites  are  located  in  the  Hi^  Plateaus  and 
Canyonlands  sections  of  the  Colorado  Plateau  Physiographic 
Province  (Feimeman,  1931). 
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TABLE  1.  Chartctenstia  of  Oiinnrii  and  Their 
Alluvium  in  the  Study  Aieas. 

ABnrinin 


*y  An*     Ounndt  Depth 


Geometiy 


Pnoundty  to 

Satnnted 
Shale  Bedrock 


Nerih 
Mritof 


WMI  Salt  CrMh 


f^.-mJla  Ctttik.  bedrock  ihaQow   faisji  aUuvial  terraces  near 

lieaa  Qeek         aOuvial    ihaOow   complete  valley  fiQ  near 

Weft  Salt  Q«ek  alluvial   deep        complete  vaDey  fill  far 


Figure  1.  Map  of  the  Upper  Colorado  River  Basis 
Showing  Location  of  Study  Sites. 


The  characteristics  of  Mancos  Siale,  which  may  reach  a 
thickness  of  1000  m  naturally,  vary  throughout  the  strati- 
graphic  column  (Stokes  and  Cohenour,  1956;  Fisher,  et  aL, 
1960).  The  shale  is  known  to  contain  medium  to  high  con- 
tents of  soluble  minerals  which  may  occur  as  veinlets  of  gyp- 
sum and  calcite;  it  is  consequently  a  major  source  of  sdutes 
to  the  Colorado  River.  The  variation  of  SMC  in  Mancos  Shale 
within  a  given  watershed,  as  studied  in  detail  by  Ponce  (1975, 
Qnd)  is  not  as  relevant  to  this  study  as  \s  the  shale-alluvium 
interaction.  The  SMC  in  the  shale  may,  indeed,  differ  between 
and  within  study  areas,  althou^  the  two  small  watersheds  and 
part  of  the  studied  reach  within  West  Salt  Creek  lie  in  the 
same  stratigraphic  location. 

The  upper  reach  of  North  Miller  Creek  is  deeply  cut  into 
Mancos  Shale  bedrock,  and  it  is  bounded  by  imstable  vertical 
walls  of  bedrock,  which  may  reach  15  m  in  height.  The  chan- 
nel bed  is  presently  downcutting  and  bedrock  is  exposed 
throughout  the  studied  reach.  Most  of  the  aUuvial  deposits  in 
tiie  vicinity  cover  large  elongated  pediments  at  various  levels, 
and  closer  to  the  channel  the  deposits  form  high  (2-15  m) 
terraces.  The  alluvium,  primarily  comprised  of  gravel  and 
sands,  together  with  the  erodible  unstable  shaley  bedrock, 
supply  much  sediment  as  they  erode  from  the  gully  walls. 
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Within  West  Salt  Creek  bedrock  samples  were  collected 
from  Mesa  Verde  Group  (cliff  forming  sandstone  with  intcr- 
■  -Ided  shales  overlying  Mancos  Shale)  and  Mancos  Shale  out- 
P  X  in  the  charmel  as  well  as  from  the  alluvium  proper.  Depth 
U:  alluvium  increases  downstream,  and  it  approaches  a  thick- 
ness of  ]  SO  m  at  the  lowest  sampling  site  near  a  VS.  Geologi- 
cal Survey  electrical  conductance  monitoring  and  gaging  sta- 
tion. The  main  channel  is  incised  th/oughout  its  length  to  a 
depth  of  5-10  m  below  the  upper  terrace,  which  constitutes 
the  valley  floor. 

Alluvium  and  bedrock  were  also  sampled  in  Mesa  Creek. 
This  incised  charmel  drains  a  watershed  as  small  as  that  of 
North  Miller  Creek,  and,  similarly,  it  is  entrenched  in  or  abutts 
against  Mancos  Shale  in  the  upper  part  of  the  basin.  The 
samples  analyzed  in  this  study  originate  from  a  channel  reach 
in  the  central  part  of  the  Mesa  Creek  basin.  Although  the 
entire  valley  within  this  reach  is  filled  with  alluvium,  the  fill 
b  rather  shallow  (-^  4m). 


SAMPUNG  TECHNIQUE 

The  samjriing  design  consists  of  systematic  point  (i.e., 
volume)  sampling  along  ^stematic  traverses  chosen  within 
several  definable  channel  reaches  in  each  of  the  study  areas. 
The  channel  reaches  in  West  Salt  Creek  are  located  upstream 
of  the  gaging  station  wherever  the  road  leading  to  Baxter  Pass 
i^  close  to  the  charmel  or  crosses  it.  A  long  channel  reach  in 
0  h  of  the  other  two  basins,  rather  than  several  reaches,  was 
_  jsen  for  logistic  reasons.  Each  traverse,  the  location  and 
description  of  which  is  given  else^ere  (Larorme,  J.  B.,  1977; 
Dissolution  potential  of  surficial  Mancos  Shale  and  alluvium. 
Unpublished  Ph.D.  dissertation,  C(dorado  Sute  University, 
128  pp.),  consists  of  a  cross  section  of  the  channel.  It  includes 
ibe  banks  and  gully  walls  or  hOlslope  against  which  the  channel 
abutts,  the  channel  bed  proper,  foreign  (i.e.,  mass  wasted) 
matter  resting  on  it,  as  well  as  the  nearby  terrace  into  which 
the  channel  is  incised.  Each  of  these  cross  sectional  parts 
(a  morjrfiological  unit)  is  referred  to  herein  as  a  sampling  unit; 
it  was  separately  sam^ded  at  varying  depths  because  the  coarse 
texture  of  the  alluvium  made  it  impractical  to  sample  cores  at 
given  depths.  In  most  cases  several  holes  were  drilled  within 
a  sampling  unit  to  decrease  the  enor  arising  from  the  large 
inherent  variabflity  of  SMC  that  persists  even  in  small  areas 
(Ponce,  1975,  ibid;  see  also  Figure  3a).  Weathered  bedrock 
was  sampled  wherever  exposed  in  the  cross  sections  on  banks, 
guDy  walls,  and  adjacent  hillslopes. 

Samites  were  coUected  as  cores  perpendicular  to  the  sur- 
'^ce  with  a  10  cm  diameter  bucket  type  auger,  but  salt  ef- 

escence  and  surface  crusts  were  coUected  by  hand.  Particu- 
...r  attention  was  directed  in  sampling  the  surface  layer  be- 
cause it  comes  in  direct  contact  with  surface  flow.  Surface 
crusts  normally  form  in  semiarid  regions  and  slightly  cohesive 
0  -As  were  present  at  most  sami^ing  sites  except  on  sandy 
_  ^aces  and  on  charmel  beds  lacking  sflt  and  clay  particles. 
Because  crust  thickness  (0.1-10  cm)  may  vary  with  the  sedi- 
ment size  distribution,  mineralogy,  organic  content,  and 
antecedent  moisture  conditions,  all  crusts  were  coUected  in 
their  entirety.  Samples  were  stored  in  plastic  bags. 


Two  samplmp  enors  have  been  identified,  and  thc\  arc  d^- 
cussed  in  detail  by  Laronne  (1977,  ibid).  Bnefly.  these  are 

1)  inclusion  of  as  much  as  10  percent  foreign  matter  from 
overlying  material  during  drilling  in  noncohcsive  alluvium;  and 

2)  variations  in  SMC  vbithin  a  given  sample  (the  nuterial  in 
one  sample  bag)  did  occur,  and  the  coefficient  of  variation  of 
SMC  data  reached  0.1.  Note  that  a  given  sample  may  have 
been  unrepresentative  of  a  sampling  unit  whatever  the  sam- 
pling procedure  because  the  SMC  of  the  population  is  merely 
estimated.  Accordingly,  estimates  of  the  errors  involved  in 
obtaining  representative  samples  of  selected  cross  sections  and 
samfding  units  may  be  indicated  by  the  variation  of  SMC  with- 
in units  and  sections  (see  values  of  the  standard  deviation,  o, 
in  Table  2). 


LABORATORY  PROCEDURE 

Samples  were  air  dried  at  room  temperature  for  several 
days. 
Erlenmi 

1 


^e  equivalent  to  10,000  ppm 
was  chosen  to  simulate  field  conditions.  Sediment  concentra- 
tion in  runoff  from  Mancos  Shale  watersheds  may,  indeed, 
rise  to  such  a  high  concentration  (loms,  et  oL.  1965)  but 
rarely  exceeds  it.  jJ^HHiHikiiklMBlMHIHIMM^ilfepidi 
concommitant  saturation  with  respect  to  gypsum  would  lead 
to  an  underestimation  of  SMC.  1:999  sediment: water  mix- 
tures are  similar  to  those  reported  herein  except  for  a  some- 
what naturally  hi^er  relative  abundance  of  calcium  and  bi- 
carbonate in  sdutions  derived  from  most  of  the  dilute  mix- 
tures (Laronne,  \9T7;ibid). 

Z(C^  +  C^~),  the  sum  of  cationic  and  anionic  concen- 
trations in  mg  1~^  and  equivalent  to  the  misnomer  total  dis- 
solved solids  (TDS),  is  related  to  SMC.  For  a  1:99  sediment: 
water  ratio,  the  SMC  (weight  per  weight,  in  percent)  is  equal  to 
0.99  (CZ+  +  CZ-).  SMC  was  determined  in  this  study  from  EC 
measurements  (Lectro  Mho  Meter,  Lab  Line  Instruments  Inc.) 
and  from  the  relationship  between  analyticaUy  determined 
solute  concentrations  and  EC  (Figure  2).  Although  it  is  real- 
ized that  the  EC  of  an  aqueous  solution  is  determined  by  the 
concentration  of  specific  ion  spedes,  our  regression  has  a  hi^ 
correlation  coefBcient  with  a  dope  greater  than  unity  due  to 
common  ion  effects. 

Chemical  analyses  were  performed  according  to  standard 
methods  (U.S.  Department  of  Agriculture,  1954).  For  the 
large  majority  of  the  analyses.  100E(qz-  -  qz+)  l/iqz-  < 

ai. 


RESULTS 

The  mean  SMC  in  bed  cnists  in  North  Miller  Creek  is  10.1  Q 
percent  compared  to  0.94  percent  in  the  bed  proper  (Table  2). 
Although  crusts  of  the  lower  and  upper  Mancos  Shale  guUy 
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Figure  2.  Vanation  of  Total  Stoichiometric  Solute 
^^  \         Concentration  With  Dectiical  Conductance. 


wa!l5  of  North  Miller  Creek  contain  1,07  and  0.76  percent 
soluble  mineraJs.  respectively,  whjch  was  more  than  material 
further  removed  from  the  surface,  this  difference  between  the 
lower  and  upper  walls  is  not  statistically  significant. 

Analysis  of  variance  of  the  SMC  in  channel  bed  alluvium  ar>d 
its  crust  shows  no  significant  difference.  A  difference  was 
found  to  be  significant  (o  <  0.05,  wherein  a  denotes  the  sig- 
nificance, or  the  maximum  probability  for  a  type  1  error)  be- 
tween the  more  saline  crust  and  material  immediately  under- 
lying it  for  the  bed  of  Mesa  Creek. 


le  vanation  m  UML  witA  deptn  in  bed  materials  of  Mesa 
Creek  is  shown  in  Figure  3a.  Mean  SMC  for  6, 1 S,  and  SO  cm 
depths  are  1.13,  0.91,  and  1.46  percent,  respectively;  these 
means  are  all  aouficantlv  different  (a  <  0.025).'; 


(Figure  3d)  although  the  mean  salt  content  of  the  surface 
crust  is  higher  than  that  at  any  other  depth.  Similarly,  no  con- 
sistent trend  of  SMC  with  distance  from  the  surface  takes 
l^ace  in  the  terrace  and  gully  walls  of  Mesa  Creek  (Figure  3e), 
in  the  gully  walls  of  North  Miller  Creek  (Figure  3c)  nor  in  the 
leached  terraces  of  West  Salt  and  North  Miller  Creeks  (Figure 
3b). 

Differences  in  SMC  between  sampling  uruts  are  masked  by 
the  general  large  inherent  variability  in  SMC.  The  extent  of 


TABLE  2.  Summary  of  Mean  Soluble  Ifineral  Content  (X),  Ht  Standard  Deviation  (9),  and  the  Number  of 
Samples  (n)  of  Sampling  Units  in  North  Hfiller,  West  Salt,  and  Mesa  Qeeks. 


NORTH  MILLER  CREEK 


CT 


CUMW 


UMW 


CAM 


CLMW 


LMW 


EB' 


CMS**  MS* 


X 

0.186 

0.620 

a760 

0.690 

1.037 

1.118 

1.067 

0.974 

10.098 

0.936 

0.703 

1.987 

a 

0.066 

0.778 

a275 

a445 

0.954 

1.020 

0.699 

0.634 

14.884 

0.525 

0.030 

0.301 

a 

7 

22 

12 

7 

3 

9 

10 

13 

13 

21 

3 

9 

CT 


WEST  SALT  CREEK 


CW 


W* 


CB 


b' 


X 

0.141 

a296 

a323 

1.009 

1.335 

0.509 

0.665 

O 

0.043 

ai96 

a292 

1.606 

1.562 

0.544 

0.813 

n 

7 

26 

4 

24 

13 

21 

60 

MESA  CREEK 


W 


UB 


J  1.690 

1.734 

1.130 

2.081 

a 

-^   0.622 

a509 

0.430 

1.630 

B 

14 

8 

9 

55 

.      A  t  expressed  as  wei^t  of  dissolved  components  per  total  wei^t,  in  percent. 

.1;  Tnenace;  IHippei;  L^lower;  M^Mancos  Shale;  S'hiDslope;  W*gully  wall;  A*mass  wasted  material;  B'bed  material;  £«efDorescenoe  or  alt 

i ,w 

^thont  oiie  value  the  mean  and  standard  deviation  change  to  6.281  and  4,090,  respectively. 

From  North  Nfiller  and  Mesa  Creeks. 
^These  waO  samples  indude  two  Mancos  Shale-affected  sites;  excluding  these,  the  X.  o,  and  n  are  0.314,  0.284.  and  17,  respectively. 

These  bed  samples  include  five  shale-affected  sites;  excluding  these,  the  X,  o,  and  n  are  0.13,  0.14,  and  34,  respectively. 
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Figote  3.  Vuutkm  of  SMC  With  Depth  (a)  in  the  Bed  of  Mesa  Qeelc;  (b)  in  Tenicet  of  West  Salt  and  North  MiUer  Qoeks  (dashed) 

and  solid  Unes,  respectively);  (c)  Variation  of  SMC  With  Distance  From  the  Surface  in  GuOy  Walls  of  Sorth  Miller  Qeek; 

(d)  in  the  Bed  of  West  Salt  Qeek;  and  (e)  in  the  Tniaoe  (solid  lines)  and  GuOy  Walls  (dadied  lines)  of  Mesa  Oeek. 
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this  variability  is  shown  in  Table  2,  in  which  a  summar>   is 
given  of  the  mean  and  the  standard  deviation  about  the  mean 

f>f  sampling  units, 
^ysis  of  variance  of  the  SMC  in  all  sampling  units  (ex- 
cluding Mancos  Shale  hillslopes)  for  each  river  basin  and  for 
all  basins  together  reveals  that  a  difference  between  them  does 
exist  in  several  cases.  Notwithstanding  the  large  variability  in 
SMC,  comparing  individual  sampling  units  by  pain  shows  sig- 
niiicant  differences  (at  a  confidence  interval  of  95  percent 
about  the  means)  in  SMC  between  the  alluvium  in  West  Salt 
or  North  Miller  Creeks  and  the  Mancos  Shale  bedrock 


bed  material  of  North  MiUer  Creeic'are  more  saline 

(thoogft  at  g  <?  0.1)  than  overiymg  terracesr 


lomi- 
iTsduUe  minerai  in  Mancos  Hb^t  IS  ^pSlim  but  appreciable 
•mounts  of  sodium  and  magnesium  hydrated  sulfates  as  well 
as  calcite  are  also  present  (Laronnc,  1977;  ibid).  The  chlorides 
are  leached,  which  is  characteristic  of  other  saline  shales 
throughout  the  world  (Billings  and  Williams,  1967).  Therela- 
tivr  iV"'^^"/">  /^<•  thf^fate  ion  (S04^~/SCi'~)'jsJAj£jn^ 
Mancos  Shale  as  compared  with  0.46  in  West  ^SaJt  Cfeekallu- 
yium:  soidum  and  magnesium  are  also  more  abundant  in  the 
shale  as  demonstrated  by  Figure  4.  All  the  soluble  minerals 
|M   joned  above  are  diagenetic. 
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Flguxe  4.  Means  and  95  Percent  Confidence  Intervals  About  the 

Means  of  Na^*^  (a)  and  (Na^'^  •*-  Mg^*^]  (b)  Abundance  Ratios  From 

1:99  Sediment: Water  Mixtures  of  Mancos  Shale  and  Alluvium. 


DISCUSSION 

The  numerous  characteristics  including  SMC,  both  of  surfi- 
cial  alluvium  and  Mancos  Shale  are  neither  spatially  homo- 
genous nor  isotropic,  as  expected  from  the  discussion  ofspatiaL 
variability  (Becket  and  Webster.  1971).' 


probability  distribution  functions 
of  SMC  data  derived  from  samj^es  collected  from  a  large  area 
are  necessarily  lognormal,  limited  by  zero  at  the  lower  end  and 
by  a  few  increasin^y  hi^er  values  as  the  sampled  area  in- 
creases. 


A 
'within  Mancos  Shale  was  re- 
cently suggested  by  Wagenet  and  Jurinak  (1978)  who,  in  fact, 
cc^ected  samples  mndomfy  within  a  large  drainage  basin. 

The  probability  distribution  functions  of  the  SMC  data  pre- 
sented herein  must  be  scrutinized  in  light  of  the  preceding  dis- 
cussion. Consider  the  distribution  that  typifies  the  SMC  in 
alluvial  bed  materials  in  one  charmel  reach  of  Mesa  Creek 
(Figure  5a),  expressed  as  the  EC  of  1:1  and  1:99  sediment: 
water  mixtures.  Note  that  the  distribution  of  1:1  mixtures 
(Figure  5a)  is  less  skewed  than  that  of  1 :99  mixtures  because 
of  saturation  with  respect  to  gypsum.  Notwithstanding  this 
lognormality,  the  increase  in  SMC  with  depth  (Figure  3a)  at 
this  location  means  that  we  are  dealing  with  a  methodically 
varying  population  whidi  essentially  consists  of  2,  3,  or  4 
different  populations.  Subdivision  into  two  populations  may 
refer  to  one  leached  layer  at  a  depth  of  about  20  cm  (see 
Figure  3a)  with  the  rest  of  the  profile  being  characterized  by 
accimiulation;  of  three  populations  one  may  consider  the  up- 
per surface  layer  as  being  a  different  accumulation  (i.e.,  chemi- 
cal precipitation)  horizon  tiian  material  at  depths  exceeding 
40  cm;  also,  four  populations  may  refer  to  the  above  mentioned 
three   with   ar 


r.  The  data  pre- 
sented in  Figure  3a  may  also  be  envisaged  as  two  populations 
but  with  a  different  causal  basis  than  the  leaching  vs.  accumu- 
lation subdivision.  In  fact,  the  upper  1  m,  for  which  most  of 
the  data  is  available,  may  represent  a  population  where  both 
upward  and  downward  solute  transport  occur,  and  underlying 
material  may  represent  primarily  downward  (although  also 
downchaiuiel  and  some  vertically  upward)  solute  transport 
and  accumulation  in  more  saline  alluvium. 

The  distribution  of  SMC  in  the  upper  population  (0-1  m)  is 
apparently  a  normal  distribution  function  (Figure  5b).  Simi- 
larly, the  distribution  of  SMC  in  Maiu:os  Shale,  as  adapted 
from  Ponce  and  Hawkins  (1978),  is  also  not  a  "hot  spot'  dis- 
tribution. Rather,  it  (Figure  6)  is  bimodal  with  a  minor 
leached  segment  and  the  rest  is  approximately  normally  dis- 
tributed about  a  hi^er  value 

Unlike  the  qualitative  evaluation  of  distribution  functions 
based  on  their  similarity  in  form  to  a  gaussian  distribution 
(e.g..  Figure  5b  and  Figure  6),  normality  may  be  quantitatively 


32 


WATER  RESOURCES  BULLETIN 


f 


f 


f 


Soluble  Mineral  Content  m  SurficiaJ  AUuvium  ind  Atsocuted  Mancos  Shale 


evaluated  b>  determininp  the  lincarits  of  cumulative  di<;tribu- 
Uons  on  probabilit>  pap)cr  as  depicted  in  Figure  7.  The  proba- 
bility distribution  functions  of  SMC  in  the  more  rigorously 
sampled  morji^ological  units  within  West  Salt  and  North  Miller 

feeks  (Figure  7)  are  indeed  not  far  removed  from  normality, 
ither  high  correlations  characterize  the  regressions  of  cumu- 
'iative  probability  vs.  TDS  (i.e.,  they  arc  roughly  linear)  al- 
though only  one  sampling  unit,  the  leached  bed  materials  of 
West  Salt  Creek,  exhibits  an  unequivocal  hnear  relationship 
and  several  others  are  bimodal. 
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Figure  S.  (a)  Distnbution  of  EC  Data  From  AUuviil  Bed  Materials 

in  Mesa  Qeek  for  0-18  m  Depth  and  (b)  for  0-1  m  Depth 

(the  upper  abdssas  refer  to  the  1:1  diatiibntiont). 

I  It  should  be  noted,  however,  that  the  above  mentioned  nor- 
;<iality  test  is  equally  sensitive  to  extreme  values  as  it  is  to 
central  ones.  Therefore,  a  nonstandard  let  of  goodness-of-fit 
tests  was  undertaken  in  order  to  evaluate  normality  with  in- 
^  -eased  sensitivity  in  the  tails  (Haan,  1977,  p.  178).  In  these 
,sts  classes  were  not  combined  to  get  an  observed  frequency  of 
3  or  S  as  outlined  in  general  statistics  books  (e.g.,  Walpole  and 
Myers,  1978,  p.  266).  These  goodness-of-fit  tests,  the  results 


of  which  are  summarized  in  Table  3,  were  used  to  determine 
whether  the  data  may  be  adequately  represented  by  a  gaussian 
distribution  with  a  given  (a)  confidence  level.  All  but  one  of 
the  distributions  are,  in  fact,  normal  as  is  evidence  by  a  values 
equal  to  or  greater  than  0.025.  Note  that  whereas  opinion 
varies  concerning  which  critical  confidence  level  proves  a  good 
fit  (usually  a  =  0.05),  the  fit  always  increases  as  a  increases. 
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Hgure6.  Disttibutionof  SMCExpieaedatECof  1:1 

Ifixtures,  of  kfancos  Shale  From  Three  Lumped  Miaogiids. 

each  27.6  m^  and  Represented  by  12  Samples  (solid  lines) 

and  one  Maaogrid,  1620  m^  with  30  Samites  (dashed 

ttnes).  Adapted  from  Ponce  and  Hawkins  (1978). 

The  results  presented  in  Figures  5,  6,  and  7  and  Table  3 
prove  that  the  distribution  of  SMC  within  sampling  units  is 
approximately  normal;  this,  in  turn,  indicates  that  mean  values 
are  representative  of  these  sampling  units  and  that  units  may 
be  compared  on  the  basis  of  SMC  using  standard  parametric 
techniques.  Therefore,  part  of  the  data  of  Table  2  may  be  used 
to  delineate  spatial  trends  in  SMC  (see  Figure  8).  The  follow- 
ing is  a  discussion  of  these  trends. 


which  the  channel  abutts.  This  'sterility'  is  due  to  the  coaiy 
texture  ot  the  alluvium  which  favors  the  rapid  downward  per- 
colation ot  water  and  due  to  the  absence  of  nearby  sources 
contauung  a  high  SMC. 


i.  Such  an 
Ivith  depth 

(Figure  3a),  a  trend  which  is  nonexistent  in  the  upper  part  of 
deep  fills  (Figure  3d). 


are  covered  with  crusts.  This  is  expected  be- 
cause of  the  leaching  effectiveness  of  the  downward  movement 
of  water  in  hig^y  permeable  coarse  sediments.  However,  the 
downward  flux  of  water  and  solutes  is  restricted  where  perme- 
ability is  lower  and  moisture  content  hi^er,  to  that  salt  preci- 
pitation ensues  as  soon  as  water  evaporates. 


uvium 


C  at  1 5-20  cm  depth.  Figure  3a). 
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Figure  7.  Ckimulative  Probability  Distribution  Functions  of  SMC  for  the  More  Rigorously  Sampled  Morphological 
Units  Within  West  Salt  and  North  Miller  Qeeks.  SMC  is  expressed  as  the  TDS  of  1 :99  sediment: water  mixtures. 
Abcissa  values  are  two-fold  and  ten-fold  for  the  dashed  and  dotted  distributions,  respectively. 


Surficial  Mancos  Shale  sampled  from  hillslopes  is  on  the 
average  more  saline  than  the  limited  number  of  crust  sanq)Ies 
(Table  2).  This  also  applies  to  Mancos  Shale  sampled  at  other 
locations  (Shen,  et  al,  1981 ;  ibid).  Wagenet  and  Jurinak  (1978) 
or  '  d  Mancos  Shale  in  the  Price  River  basin  and  showed 
tl  hough  the  mean  and  median  SMC  increased  with  depth, 

tht  ...3(le  behaved  in  the  opposite  manner.  Their  results  agree 
with  ours  because  the  increase  of  the  mode  with  depth  is  due 
to  *^*  strong  positive  skewness  (lognormality)  and  a  trend  of 
tl    w     <l>rd  deviation  of  SMC  in  their  data  to  increase  with 

The  EC  of  14  pairs  of  Mancos  Shale  samples  (Ponce,  1975; 
ibid)  was  analyzed  and  it  also  shows  leaching  of  the  crust;  the 
uppermost  samples  (0-2.S  cm)  are  on  the  average  half  as  saline 


as  the  friable  underlying  (15-30  cm)  material.  Leythaeiuer 
(1973)  also  provides  data  showing  that  the  upper  layer  is 
leached  in  Mancos  Shale. 


CONCLUSIONS 

An  important  conclusion  stemming  from  the  results  pre- 
sented in  this  study  is^""^""^""""^""""'"^""^"^^ 
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icdrock  channels  in  headwater  tributaries  may 
iium  mass  wasted  from  suspended  terraces  that 
^  in  very  low  SMC.  The  high  salinity  potential  of  these 
^  Abater  areas  arises  due  the  physical  contact  between  thin 
alluvium  and  bedrock  and  due  to  the  erosion  of  the  bedrock 
proper. 


ture  land  management  decisions  and  water  quality 
models  may  rely  on  these  results  in  delineating  potential  diffuse 
source  areas  of  salinity  and  in  forecasting  solute  loads.  Never- 
theless, solute  pickup  mechanisms  such  as  dissolution  upon 
contact  with  runoff  and  from  sediment  in  transport  and  their 
rates  of  operation  need  to  be  quantified  before  spatial  trends 
in  SMC  can  be  incorporated  in  deterministic  water  quality 
models. 


TABLE  3.  Confidenoe  Level  (a)  io  Each  Goodne$s-of-Fit  Test. 

The  number  of  degrees  of  freedom  (U)  is  equal  to  the  number 

of  class  intervals  less  3;  the  total  frequency,  mean  and 

standard  deviation  of  the  observed  data  are  required  to 

find  the  expected  frequencies.  For  detaik  see  text. 


Sampling 
Unit* 

West  Salt  Greek 

North  MiUer  Creek 

W 

BMS        B 

T 

B         EB      CUMW       T 

•  : 

5 

0.10 

13          9 
0.25     0.05^ 

6 

5           9            3           10 
0.025     0.25       0.10       0.05 

*See  explanation  in  Table  2;  BMS=bed  materials  in  proximity  to 
Mancos  Shale  outcrop. 

a  *  0.10  if  one  sample  (the  hi^est  value)  is  excluded. 

^ot  significant  at  the  0.025  leveL 
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Figure  8.  Model  of  Spatial  Variation  of  SMC  in  a  Mancos 
Shale  Bedrock  Channel  (e.g.,  hiorth  lifiUei  Creek).  Hie 
^  arrows  point  to  the  net  transport  direction  of  solutes. 
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Instruction  Memorandtom  No.  CO-84-402  i 

Expires:  9/30/85 

To:      District  Managers 

From:     State  Director,  Colorado 

Subject:  Worksheet  #3  -  Rangeland  Investment  Ranking  for  FY  '85  AWP 

Forthcoming  annual  work  plan  directives  will  require  completion  of  Work- 
sheet #3.  A  blank  and  a  sample  copy  are  enclosed  for  your  use.  Completion 
of  Worksheet  #3  is  in  response  to  the  Office  of  Management  and  Budget  require- 
ment that  we  prepare  a  special  analysis  of  range  investment. 

We  are  sending  you  this  information  prior  to  AWP  preparation  so  that  you  have 
enough  time  available  to  gather  the  required  data  for  timely  AWP  submission. 

Any  questions  should  be  addressed  to  Hans  Hess  (CO-933)  at  844-3264  or  FTS 
564-3264. 
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Water  Resource  Issues  -  Dam  Safety 
I.   Program  Definition 

A.  Two  Programs 

1.  National  Dam  Inspection  Act  1972 

a.   Defines  a  dam  as  greater  than  25  ft.  in  hydraulic 

height  and  impounds  greater  than  50  ac.  ft.  of  water 

2.  BLM  Program 

a.   Defines  a  dam  as  greater  than  6  ft.  in  hydraulic  height, 
and  impounds  greater  than  15  ac.  ft.  of  water 

B.  BLM  Policy 

1.  BLM  Manual  9177 

2.  Inventory  of  all  BLM  dams 

3.  Condition  survey  every  3  yrs. 

4.  Only  inspect  BLM-owned  dams 

C.  Inventory 

1.  All  dams   6  ft.  height,  15  ac.  ft.  storage 

2.  Location 

D.  Classification 

1.  Size 

2.  Hazard 

a.  Low 

b.  Medium 

c.  High 

E.  Condition  Survey 

1.  Evaluates  Physical  Condition 

2.  Verifies  Hazard  &  Size  Classification 

3.  Frequency 

a.  Done  every  3  yrs.  for  all  dams 

b.  Every  yr.  for 

(1)  Intermediate  or  large 

(2)  Significant,  high  hazard 

F.  Emergency  Preparedness  Plan 

1.  Done  for  All  Significant  or  High  Hazard 

2.  Inundation  Maps 

3.  At  District  Office 

G.  Funding 

1.  Engineering  -  4714 

a.   Inventory,  Condition  Survey,  Emergency  Prep.  Plan 

2.  Soil,  Water,  Air  -  4341 
a.   Maintenance 
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Water  Resource  Issues  -  Water  Rights 
I.   BLM  Manual 

A.  Policy 

1.  States  have  authority  over  water  rights  in  their  state,  except 
as  otherwise  specified  by  Congress. 

2.  Very  general 

B.  Types  of  Water  Rights 

1.  Reserved  Rights 

2.  Appropriate  Rights 

3.  Riparian  Rights 

4.  Oil  &  Gas  Conversions 

II.   Steps  for  Filing 

A.  Lands  Determination 

B.  Type  of  Right 

C.  Filing 

D.  Objectives 

III.   Issues 

A.  Appropriate  Rights 

B.  Wilderness 

C.  Mining 

D.  Oil  &  Gas 

E.  Case  Studies 


NOTIFICATION 


% 


t 


spring  is  discoveredj 


1 


On  L.U. 
2 


On  public  donain 
3 


On  oil  shale 
A 


Develop  Che  spring 
and  file 

5 


I  We  have 
filed 
6 


See  interlocutory  ]  We  have  not  i 
decree  and  avail-  i  filed  | 
able  records      !•     7      I 


Go  to  12 


Submit  any  new 

information  to 

the  file.  STOP 

10 


r 


Objections  to  our 
application/ no  ti- 
fication 
lA 


Referees  Ruling 
16 


20  day  protest  period 


Term  day  every 
6  mo.   If  it 
goes  to  court 

No  protest. 
Decree 

19     1 

18 

r 


.  Post  1926  ;  I  Pre  1926' 


Reserve 
8 


Prepare      | 

Notification  ; 

11      I 


Go  to  3 


Reserve 
9 


Go  to  5 


I  Submit  to  the 
Clerk  of  the 


Court 


12 


60  day 
objection  period 


Referee  for  30 
day  informal 
review 

13 


No  objections  ; 
15 


Referees  Ruling 
17 

; 

DECREE 


Interrogatories  filed  by  both  parties. 
(Each  party  submits  questions  for  pur- 
poses of  narrowing  the  issues.) 
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IN  Kfvr  nra  to: 

United  States  Department  of  the  Interior  co-933 

4340 

BUREAU  OF  LAND  MANAGEMENT  7250 

COLORADO  STATE  OFFICE 

1037  20th  STREET 

DENVER.  CO  80202 

June  24,  1983 


Instruction  Memorandum  No.  CO-83-288 
Expires:  9/30/84 

To:      District  Managers 

From:     State  Director,  Colorado  fC^^Ts 

Subject:  Interception  of  Ground  Water  by  Private  Parties  Conducting 
Mineral  Exploration 

Persons  or  entities  conducting  mineral  exploration  on  public  land 
sometimes  encounter  ground  water.  Under  State  law  anyone  may  apply  for 
the  water  rights  for  tributary  ground  water  regardless  of  the  ownership 
of  the  surface.  This  in  and  of  itself  is  not  a  problem  to  us;  we  no 
longer  consider  the  use  of  ground  water  to  be  a  right  appurtenant  to  the 
public  land.  However,  Colorado  State  Water  law  considers  the  location 
and  effect  of  new  ground  water  applications  on  wells  already  adjudicated 
(under  State  law)  and  in  place.  Therefore,  the  situation  could  arise 
where  an  exploration  permittee,  having  intercepted  ground  water  and 
acquired  a  State  Water  right  to  that  groimd  water  could  curtail  or 
foreclose  entirely  the  opportunity  for  the  United  States  to  develop 
ground  water  resources  for  a  particular  allotment  or  allotments. 
To  prevent  the  forclosure  of  management  options,  exploration  permits 
and  licenses,  whether  prior  or  subsequent  to  the  issue  of  the  lease, 
shall  contain  the  following  provision: 

The  United  States  of  America  considers  the  development  of  ground 
water  resources  to  be  necessary  and  frequently  indispensible  to 
effective  land  management.  Therefore,  any  ground  water  intercepted 
by  the  party  conducting  mineral  exploration  shall  be  reported  to 
the  District  Manager  immediately  including  approximate  quantities 
and  a  sample  in  a  sealed  quart  container.  The  United  States  shall 
have  the  first  opportunity  to  file  state  water  right  for  the 
intercepted  ground  water.  The  undersigned  may  file  for  water 
rights  only  with  a  written  waiver  from  the  District  Manager. 

Please  submit  comments  or  questions  to  Tony  Martinez  in  the  Colorado 
State  Office  at  COMM  837-3264  or  FTS  327-3264  by  July  11,  1983. 
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IN   «PIT   Kftn   TO: 


United  States  Department  of  the  Interior 

BUREAU  OF  LAND  MANAGEMENT 

COLORADO  STATE  OFFICE 

2020  ARAPAHOE  STREET 

DENVER,  COLORADO  80205 


December  20,  1985 


Information  Bulletin  No.  CO-86-  52 

To:      District  l-Ianagers 

From:     Deputy  State  Director  for  Lands  and  Renewable  Resources 

Subject:  84  K-2,  Sierra  Club  vs.  Block 

The  issue  of  reserved  water  rights  in  wilderness  areas  has  been  heavily 
debated  in  Congress  during  the  last  several  sessions.  The  Colorado 
delegation  is  particularly  concerned  with  the  impact  wilderness  reserved 
water  rights  could  have  on  our  state  water  allocation  system.  A  recent 
Federal  District  Court  decision  provides  some  insight  into  the  question. 

Judge  Kane  addressed  three  issues  in  his  decision:  "  1)  whether  federal 
reserved  water  rights  exist  with  respect  to  the  designated  Colorado 
wilderness  areas,  2)  whether  federal  defendants  have  a  duty  to  administer 
the  wilderness  areas  pursuant  to  the  public  trust  doctrine,  and  3)  whether 
federal  defendants'  failure  to  assert  reserved  water  rights  is  arbitrary, 
capricious,  unlawful  under  the  APA,  or  violates  the  public  trust." 

Federal  Reserved  Rights  in  Wilderness  Areas 

A  reserved  water  right  can  arise  by  implication  when  land  is  withdrawn  from 
the  public  domain.  Judge  Kane  considered  the  arguments  of  defendant 
interveners,  Mountain  States  Legal  Foundation,  Colorado  Cattleman's 
Association,  the  Colorado  Farm  Bureau,  the  National  Cattleman's 
Association,  the  City  and  County  of  Denver,  The  Colorado  Water  Congress 
(hereafter  referred  to  as  defendant  interveners),  that  the  lands  in 
question  were  witndrawn  from  the  public  domain  when  the  national  forests  or 
parks  were  created.  It  was  their  contention  that  subsequent  land 
dedications  like  wilderness  designations  could  not  be  withdrawals  because 
the  land  is  no  longer  public  domain. 

Trie  decision  points  out  that  there  is  nothing  sacrosanct  about  the  first 
withdrawal  from  the  public  domain.   Subsequent  withdrawals  would  certainly 
have  the  effect  of  creating  reserved  water  rights,  particularly  when  the 
language  of  the  Wilderness  Act  and  the  legislative  history  stress  tne 
importance  of  maintaining  the  natural  character  of  the  designated 
wilderness  area. 
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In  concluding  that  Congress  did  Intend  to  withdraw  the  land  for  a  specific 
public  purpose  the  Court  states:   "Wilderness  Is  not  simply  a  land  manage- 
ment status.  Rather,  wilderness  areas  are  federal  reservations  whose 
status,  as  concerns  the  Implled-reservatlon-of -water  doctrine,  Is  equal  to 
that  of  other  federal  reservations  such  as  national  forests,  parks,  and 
monuments." 

Public  Trust  Doctrine 

The  Court  points  out  that  the  public  trust  doctrine  does  not  apply  to 
situations  where  Congressional  direction  Is  very  specific.  Under  1133(b), 
"each  agency  administering  any  area  designated  as  wilderness  shall  be 
responsible  for  preserving  the  wilderness  character  of  the  area  and  shall 
80  administer  such  area  for  such  other  purposes  for  which  It  may  have  been 

established  as  also  to  preserve  Its  wilderness  character wilderness 

areas  shall  be  devoted  to  the  public  purposes  of  recreational,  scenic, 
scientific,  educational,  conservation,  and  historical  use"  16  U.S.C.  S 
1133  (b). 

In  concluding  that  the  public  trust  doctrine  Is  Inapplicable,  the  Court 
finds  the  language  In  the  Wilderness  Act  sufficiently  specific. 

Must  the  Federal  Agencies  Assert  Reserved  Water  Rights? 

Judge  Kane  found: 

To  begin  with,  the  Wilderness  Act  unequivocally  Imposes  certain 
duties  on  the  part  of  agencies  and  officials  administering  the 
wilderness  areas.  Sections  1131(a)  and  1133(b)  require  that  the 
wilderness  character  of  these  areas  be  protected  and  preserved. 
Further,  Congress  stated  that  these  areas  shall  be  administered  "for 
the  use  and  enjoyment  of  the  American  people  in  such  a  manner  as 
will  leave  them  unimpaired  for  future  use  and  enjoyment  as 
wilderness...."  16  U.S.C.  S  1131(a).   Finally,  S  1133(b)  mandates 
that  the  "wilderness  areas  shall  be  devoted  to  the  public  purposes 
of  recreational,  scenic,  scientific,  educational,  conservation,  and 
historical  use"  and  that  the  agencies  charged  with  administering  the 
wildemess  areas  shall  administer  the  areas  for  these  purposes. 

These  mandates  evince  Congress'  intent  to  impose  a  duty  on  the 
administering  agencies  to  protect  and  preserve  all  wildemess 
resources,  including  water.  Thus,  there  is  a  general  duty  under  the 
Wildemess  Act  to  protect  and  preserve  wildemess  water  resources. 
There  is,  however,  no  specific  statutory  duty  to  claim  reserved 
water  rights  in  the  wildemess  areas  even  though  Congress  impliedly 
reserved  such  rights  in  order  to  effectuate  the  purposes  of  the  Act, 
as  discussed  above. 

Judge  Kane  ordered  the  Federal  defendants  to  submit  a  memorandum  explaining 
how  they  plan  to  protect  reserved  water  rights  in  compliance  with  the 
Wildemess  Act. 


Significance  to  the  BLM  in  Colorado 

This  decision  will  further  delay  the  Congressional  designation  of  BUi 
wilderness  areas  in  Colorado.  The  contention  of  the  opponents  of 
wilderness  designation  is  that  designation  would  result  in  the  creation  of 
reserved  water  rights.  According  to  this  Court,  they  were  correct. 

Representative  Mike  Strang  was  recently  quoted  in  the  Rocky  Mountain  News 
calling  for  an  appeal  of  the  decision.  The  decision  was  rendered  on 
November  25.  Any  appeal  must  be  filed  within  60  days.  The  appeal  process 
will  probably  take  years.  If  there  is  no  compromise  on  the  issue  reached 
out  of  court,  any  designation  of  BLM  wilderness  areas  in  Colorado  will  be 
delayed  indefinitely. 

We  do  not  have  to  respond  to  the  court  on  how  we  will  protect  wilderness 
values,  because  we  have  no  wilderness  areas.   Forest  Service  and  Park 
Service  will  be  required  to  respond  to  the  Court. 

Copies  of  the  decision  may  be  obtained  by  contacting  Tony  Martinez  at 
303/294-7116  or  FTS  564-7116. 
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The  Contemporary  Setting  for  Water  Management  in  the  West : 

An  Overview 


Ronald  G.  Cummings 

University  of  New  Mexico,  Albuquerque 


The  socioeconomic,  legal,  and  institutional  settings  for 
water  resources  management  and  use  in  the  United  States 
have  undergone  dramatic  changes  over  recent  years.  The  re- 
sulting confusion  and  uncertainties  in  terms  of  the  structure  of 
water  rights,  the  prerogatives  of  sovereign  states,  and  the  limi- 
tations of  state-federal  interfaces  provide  the  raison  d'etre  for 
the  collection  of  papers  in  this  special  section  of  Water  Re- 
sources Research. 

This  special  issue  is  intended  to  serve  several  purposes:  to 
inform,  to  provoke,  and  to  invite.  Thus  many  readers  may  find 
new  and  informative  Tarlock's  [this  issue]  overview  of  the 
evolution  of  groundwater  law  from  English  Common  Law  to 
laws  based  on  notions  of  "reasonable  use"  and  "sharing";  of 
particular  importance  is  the  readers  appreciation  of  the 
changes  and  uncertainties  in  water  law  associated  with  the 
1982  decision  in  Sporhase  and  in  the  later  El  Paso  case.  These 
cases,  marking  an  end  of  the  "immunity  theory"  wherein  states 
were  immune,  in  cases  involving  resources  use,  from 
challenges  under  the  Commerce  Clause,  give  rise  to  Tarlock's 
concern  with  the  question.  Might  current  conditions  give  rise 
to  federal  control  of  groundwater? 

It  is  hoped  that  the  reader  will  find  provocative  the  solu- 
tions and  alternatives  for  dealing  with  post-Sporhase  water 
management  and  planning  problems  offered  by  our  other  au- 
thors. Thus  referring  to  the  environment  for  interstate  compe- 
tition for  water  resources  introduced  by  Sporhase,  Vtton  [this 
issue]  focuses  on  inconsistencies  in  water  law.  The  "Equitable 
Apportionment"  doctrine  is  applied  to  interstate  disputes  con- 
cerning surface  waters:  each  state  is  apportioned  a  "fair"  share 
of  the  river  and,  most  importantly,  it  can  deny  use  of  its 
apportioned  water  to  non-residents  of  the  state.  The  "Com- 
merce Clause"  doctrine  is  applied  (beginning  with  Sporhase  in 
1982)  to  interstate  groundwater,  however.  As  an  article  in 
commerce,  the  state  cannot  claim  a  "fair"  share  to  ground- 
water in  transboundary  aquifers;  neither  therefore  can  the 
state  deny  out-of-staters  access  to  groundwater  supphes,  even 
when  such  supplies  are  within  its  boundaries.  Utton  then 
poses  two  particularly  provocative  questions.  First,  how  is  it 
that  an  acre-foot  (1  ac  ft)  of  water  in  an  aquifer  is  a  "com- 
modity" in  commerce  to  which  principles  of  "fair  appor- 
tionment" do  not  apply  when  the  same  acre-foot  of  water  in  a 
stream  is  not?  Second,  and  as  an  extension  to  the  preceding 
question,  what  does  one  do  about  water  in  a  tributary  aquifer 
wherein  water  taken  from  the  aquifer  must,  at  some  point  in 
time,  result  in  withdrawals  from  the  stream?  Utton's  concern 
with  inconsistencies  is  particularly  sharp  with  respect  to  this 
latter  question.  The  court,  in  El  Paso,  has  applied  the  Com- 
merce Clause  doctrine  to  the  tributary  aquifer;  Utton  argues 
that  consistency  requires  the  application  of  the  Equitable  Ap- 
portionment doctrine. 
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Suppose,  however,  that  the  courts  continue  to  apply  Com- 
merce Clause  principles  to  groundwater  in  transboundary 
aquifers  that  are  tributary;  a  relevant  question  concerns  the 
long-run  implications  of  such  judicial  treatment  of  water  for 
efforts  by  states  to  engage  in  rational  water  planning.  This  is 
the  issue  addressed  by  DuMars  [this  issue].  DuMars  focuses 
on  two  classes  of  judicial  decisions  involving  efforts  by  states 
to  control  their  natural  resources:  cases  involvmg  the  state  as 
a  regulator  of  socioeconomic  activity  and  cases  involving  the 
state  as  a  participant  in  the  market.  As  a  regulator,  the  state 
cannot  control  access  to  resources  within  its  boundaries  under 
the  Commerce  Clause;  as  a  market  participant,  however,  the 
state  can  buy  or  sell  resources  from  or  to  whomever  it 
chooses.  However,  this  choice  leave  the  states  with  few  viable 
alternative  courses  of  action.  First,  if  the  state  wishes  to  exert 
control,  vis-a-vis  out-of-staters,  over  its  resources,  it  might  ap- 
propriate and  then  sell  the  resources.  Second,  the  state  might 
attempt  to  impose  "pubhc  welfare"  criteria  on  rules  for  water 
allocation,  an  option  which  introduces  the  potential  for  sub- 
stantial mischief  and  distortions  as  seen  in  a  recent  New 
Mexico  case.  DuMars  argues  that  the  uncertainties  and  con- 
fusion following  from  recent  court  decisions  reflects  a  Supreme 
Court  which  tries  to  do  too  much.  Thus  interstate  water  issues 
of  the  type  discussed  above  involve  state  actions  that  are 
"■  •  ■  subtle,  complex,  politically  charged  and  difficult  to  assess 
under  traditional  commerce  clause  analysis."  TTie  way  out, 
Dumars  argues,  is  for  the  Court  to  follow  its  earlier  precedents 
wherem  such  issues  are  sorted  out  in  a  forum  better  suited  to 
treat  them:  the  U.S.  Congress. 

In  still  another  area  of  potential  conflict,  between  states  and 
the  federal  government,  Brookshire  et  ai  [this  issue]  consider 
the  highly  controversial  issue  of  federal  reserved  rights,  partic- 
ularly, the  rights  to  water  reserved  to  Indian  reservations  by 
the  1906  Winters  case.  In  Winters,  the  Supreme  Court  exemp- 
ted tribes  from  "prior  appropriation"  criteria  relevant  for  non- 
Indians  in  their  efforts  to  establish  water  rights,  holding  that 
Congress,  in  establishing  the  reservations,  had  reserved  to  the 
tribes  those  resources  (water)  necessary  to  accomplish  the  in- 
tended purposes  of  the  reservation.  In  the  1956  Arizona  versus 
California  case,  however,  the  court  responded  to  efforts  on  the 
part  of  Western  States  to  obtain  a  quantification  of  those 
rights  to  water  "reserved"  to  the  tribes.  In  Arizona  versus 
California  the  court  seemingly  traded  one  vague,  ill-defined 
notion  (reserved  rights)  for  another  which  was  equally  ill- 
defined:  "practicably  irrigable  acreage"  as  a  means  for  quan- 
tifying reserved  rights. 

Brookshire  et  ai  [this  issue]  offer  interesting  insights  into 
the  many  complexities  of  the  reserved  rights  doctrine.  A  not- 
able example  is  their  discussion  of  the  implications  of  how 
"purposes"  of  a  federal  reservation  are  defined.  A  broad  inter- 
pretation of  Congress'  intended  purposes  for  a  specific  reser- 
vation (e.g.,  a  tribal  homeland)  may  give  rise  to  larger  quan- 
tities of  reserved  water  rights  than  a  more  narrow  interpreta- 
tion (e.g.,  the  establishment  of  farming). 
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Brookshire  et  al.'s  [this  issue]  arguments  are  particularly 
provocative  in  their  analyses  of,  and  recommended  changes  in, 
the  current  standard  for  quantifying  water  rights  reserved  to 
Indian  tribes,  namely,  the  "practicably  irrigable  acerage"  (PIA) 
criterion.  They  argue  that  the  major  conceptual  difficulty  with 
the  PIA  criterion  is  the  legal  fiction  that  rights  exist  indepen- 
dently of  off-reservation  developments.  Thus  for  example,  for 
a  10,000-acre  reservation  created  in  1870,  only  100  acres  might 
have  been  irrigable  in  1870  (the  priority  date  for  a  water  right 
under  current  judicial  interpretations).  New  irrigation-related 
technologies,  center  pivot  irrigation  systems,  more  efficient 
pumps,  etc.,  have  become  available  since  1870,  and  such 
changes  may  well  have  resulted  in,  for  example,  all  of  the 
reservations  land  now  being  "practicably  irrigable."  Brook- 
shire et  al.'s  "legal  fiction"  problem  then  seemingly  arises  due 
to  the  fact  that  the  new  technologies  were  not  developed  by 
the  Indians  per  se  (one  must  wonder  if  they  know  that  an 
Indian  was  not  involved  in  the  development  of  any  of  these 
technologies):  they  were  "off-reservation"  developments.  As  a 
method  for  treating  this  issue,  Brookshire  et  al.  suggest  that 
priority  dates  for  water  rights  be  linked  to  dates  at  which 
tectinologies  become  available  that  give  rise  to  practicable  irri- 
gation. 

In  terms  of  provocativeness,  one  finds  a  delightful  contrast 
between  Brookshire  et  al.'s  [this  issue]  paper  and  the  paper  by 
Deloria  [this  issue].  Deloria's  thesis  is  a  fascinating  one: 
"...an  important  current  in  the  development  of  the  legal 
system  has  been  to  define  Indian  rights  and  then  develop  an 
orderly  process  for  taking  them  away."  Thus  Deloria  sees  in 
contemporary  legal  battles  concerning  Indian  water  rights, 
first,  efforts  to  provide  "scope"  for  such  rights  (priority  dates, 
quantities,  uses,  etc.)  so  that  second,  "rights"  now  become 


"claims"  which  can  then,  third,  be  narrowed  by  the  legal 
system.  As  claims  are  "narrowed,"  Deloria  argues,  society  can 
then  tell  itself  that  it  is  defining  the  Indians'  water  rights,  not 
taking  them  away  (one  cannot  "take  away"  property,  a  water 
right,  without  compensation).  Some  part  of  this  process 
implied  in  Brookshire  et  al.'s  description  of  Deputy  Solicitor 
General  Claiborne's  legal  devices  designed  to  "soften"  the 
impact  of  the  PIA  standard  on  non-Indian  water  users.  (See 
also  Brookshire  et  al.'s  [this  issue,  section  2.1]  ". . .  most  impor- 
tant issue(s)  regarding  reserved  rights..."  which  is  "...  the 
selection  of  appropriate  standards  for  determining  their  nature 
and  quantity  ") 

Finally,  the  issues,  questions,  and  controversies  set  out  in 
the  papers  in  this  special  section  will  hopefully  be  viewed  by 
you,  our  readers,  as  an  invitation:  an  invitation  to  offer  to 
Water  Resources  Research  readership  your  ideas,  your  in- 
sights, and  your  expertise  as  they  relate  to  these  issues.  Read 
the  papers.  Enjoy.  I'll  look  forward  to  receiving  your  manu- 
script. 
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This  paper  examines  the  quantification  of  federal  reserved  water  rights  from  legal,  institutional,  and 
economic  perspectives.  Special  attention  is  directed  toward  Indian  reserved  water  rights  and  the  concept 
of  practicably  irrigable  acreage.  We  conclude  by  examming  current  trends  and  exploring  alternative 
approaches  to  the  dilemma  of  quantifying  Indian  reserved  water  rights. 


1 .    Introduction 

Federal  reserved  water  rights  stem  from  the  United  States 
Supreme  Court's  1908  decision  Winters  versus  United  States 
[1908].  Winters  involved  rights  to  water  from  the  Milk  River, 
which  formed  the  northern  boundary  of  the  Fort  Belknap 
Indian  Reservation  in  Montana.  Settlers  had  been  diverting 
water  pursuant  to  Montana  law  for  irrigation  purposes.  On 
behalf  of  the  Indians,  the  United  States  sued  to  stop  the  diver- 
sions, claiming  that  the  water  diverted  by  the  settlers  was 
needed  for  an  irrigation  project  on  the  reservation.  TTie  Su- 
preme Court  agreed.  In  effect,  the  Court  held  that  water  ap- 
propriated by  settlers  under  Montana  law  was  needed  (and 
could  be  taken  without  compensation)  to  convert  the  Tribe 
into  a  "pastoral  and  civilized"  people  IWirtters  versus  United 
Stales,  1908,  p.  576]. 

That  decision  marked  the  beginning  of  the  "Winters  doc- 
trine" as  it  is  commonly  known.  The  doctrine  has  spawned 
much  literature  (see,  for  example,  Patterson  [1946],  Sondheim 
and  Alexander  [1960],  Clyde  [1967],  Morreale  [1967],  Bloom 
[1971],  Veeder  [1971],  Dellwo  [1971],  Price  [1973],  and  Ran- 
quist  [1975]).  Also,  Ranquist  [1975]  reviews  the  Winters  doc- 
trine's development.  Court  decisions  after  Winters  have  not 
"only  affirmed  the  doctrine,  but  extended  it  to  other  federal 
reservations,  including  national  forests,  monuments,  and 
parks.  An  important  tenet  of  the  Winters  doctrine  is  that  fed- 
eral action  reserving  land  for  a  particular  purpose  may  have 
also  implicitly  reserved  enough  water  to  accomplish  that  pur- 
pose, thus  giving  rise  to  the  nomenclature  "federal  reserved 
water  rights"  [Cappaert  versus  United  States,  1976,  p.  138]. 

Their  vast  land  holdings  in  the  West  place  the  federal  gov- 
ernment and  Indian  tribes  in  a  prime  role  concerning  control 
of  western  water,  a  role  that  concerns  many  western  states  and 
appropriators.  One  reason  for  concern  is  that  many  claims  to 
reserved  water  rights  have  not  been  resolved.  The  resulting 
uncertainty  tends  to  obstruct  water  planning  and  complicates 
individual  states'  efforts  to  manage  their  water  development. 
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Another  reason  for  concern  is  that  the  courts  have  consis- 
tently held  that  reserved  water  rights  are  to  be  administered 
with  a  priority  date  as  of  the  date  the  underlying  reservation 
of  land  was  established  \_Cappaert  versus  United  Slates,  1976, 
p.  138].  Since  many  tracts  were  reserved  in  the  late  1800's,  any 
reserved  rights  they  may  have  are  consequently  of  senior  pri- 
ority to  most  water  rights  established  under  state  law  by  later 
settlers.  Further,  federal  reserved  rights  are  not  subject  to  for- 
feiture due  to  nonuse.  Thus  failure  by  the  federal  government 
or  Indian  tribes  to  use  water  in  the  past  has  not  (in  theory  at 
least)  affected  the  priority  dates  or  availability  of  that  water  to 
satisfy  a  reserved  right. 

Early  western  water  development  proceeded  independently 
of  federal  water  rights.  Congress  specified  that  most  federal 
water  projects  operate  pursuant  to  state  water  law.  As  a  result, 
little  consideration  was  given  to  federal  reserved  water  rights 
for  decades;  individual  appropriators  used  water  without 
hearing  of  or  understanding  the  reserved  rights  doctrine.  In 
more  recent  years,  states  have  entered  into  interstate  water 
compacts,  with  Congressional  approval,  which  acknowledge 
the  existence  of  reserved  rights  without  quantifying  them. 
Typical  is  the  language  of  the  Yellowstone  River  Compact 
[1951,  Article  VI,  p.  663],  which  provides  in  part  "Nothing 
contained  in  this  compact  shall  be  construed  or  interpreted  as 
to  affect  adversely  any  rights  to  the  use  of  the  water  of  the 
Yellowstone  River  and  its  tributaries  owned  by  or  for  Indians, 
Indian  tribes  and  their  reservations." 

The  early  establishment  dates  of  many  federal  reservations, 
along  with  the  characteristic  that  reserved  rights  arc  not  fore- 
gone through  lack  of  use,  means  that  much  western  water 
already  allocated  pursuant  to  state  law  and  compacts  may  be 
found  to  have  been  reserved  under  federal  law  for  other  users 
and  uses.  One  report  estimates  that  Indian  reserved  rights 
claims  might  total  roughly  45  million  ac-ft  annually  in  16 
western  states,  more  than  3  times  the  average  annual  virgin 
flow  of  the  Colorado  River  [Western  Stales  Water  Council, 
1984].  While  that  figure  is  probably  an  upper  bound  upon  the 
amount  of  water  that  may  eventually  be  awarded,  it  under- 
scores the  importance  of  unquantified  federal  reserved  rights. 

The  following  sections  of  this  paper  examine  some  major 
contours  of  the  reserved  nghts  doctrine  and  focus  on  a  contro- 
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versial  concept  associated  with  most  Indian  water  claims: 
practicably  irrigable  acreage.  Practicably  irrigable  acreage 
(PIA)  is  an  empirical  standard  created  by  the  judiaary  for 
quantifying  Indian  reserved  water  rights.  Procedures  utilized 
for  measuring  PIA  generally  have  followed  economic  ef- 
ficiency criteria.  However,  the  quantification  process  inherent- 
ly involves  issues  of  equity  as  well  as  economic  efTiciency. 
Conflicts  between  these  concepts  have  led  to  problems  in  the 
quantification  of  reserved  water  rights. 

2.    Reserved  Rights  Issues 

In  the  past,  reserved  rights  settlements  have  been  reached 
through  court  decisions  and  negotiations  supported  by  federal 
legislation  [Folk- Williams,  1982].  The  potential  for  future 
negotiated  settlements  is  uncertain,  however,  due  to  the  many 
unresolved  legal  issues  involved  and  the  potential  magnitude 
of  certain  claims.  Litigation  will  undoubtedly  remain  an  im- 
portant tool  for  resolving  reserved  rights  issues.  At  the  present 
time  there  are  approximately  40  cases  pending,  being  adjudi- 
cated or  awaiting  final  resolution  in  western  states  that  pertain 
to  the  quantification  of  federal  reserved  water  rights.  For  a 
brief  summary  of  each  case  (see  the  work  by  Folk-Williams 
[1982]). 

The  following  discussion  focuses  on  some  of  the  legal  issues 
that  determine  the  potential  magnitude  of  reserved  rights 
claims.  First,  the  dimensions  of  reserved  rights  claims  are 
examined  by  exploring  purposes  for  which  land  may  have 
been  reserved.  Second,  a  variety  of  procedures  that  have  been 
used  to  quantify  reserved  rights  are  discussed.  Finally,  limi- 
tations and  restrictions  that  have  been  associated  with  re- 
served rights  claims,  including  the  issue  of  transferability. 

2. 1 .     Purposes 

One  of  the  fundamental  inquiries  underlying  the  quantifica- 
tion of  reserved  rights  concerns  the  purposes  for  which  various 
federal  Indian  and  non-Indian  reservations  were  established. 
Generally  speaking,  courts  have  held  that  reserved  rights  exist 
to  fulfill  the  primary  purposes  of  a  reservation :  the  more  pur- 
poses a  reservation  has  (i.e.,  a  forest),  the  more  extensive  its 
reserved  rights  may  be.  The  courts  have  also  held  that  differ- 
ent types  of  reservations  were  created  for  different  purposes. 
For  example,  in  State  of  Arizona  versus  Slate  of  California 
[1963]  the  Court  held  that  the  Indian  Reservations  in 
question  were  created  primarily  for  the  purpose  of  en- 
couraging agricultural  endeavors.  Other  Indian  reservations  in 
the  Pacific  Northwest  may  have  been  intended  primarily  to 
preserve  ancestral  hunting  and  fishing  grounds  for  certain 
tribes  [United  States  versus  Adair,  1979].  Other  federal  reser- 
vations have  been  created  for  purposes  different  from  those  of 
Indian  reservations,  such  as  recreation  and  wildlife  habitat 
preservation. 

Judicial  attempts  to  resolve  the  "purposes"  issue  have  fo- 
cused on  the  concept  of  federal  intent:  What  was  the  major 
objective  in  creating  a  reservation?  In  determining  intent,  one 
must  refer  to  the  documents  creating  a  federal  reservation. 
However,  the  congressional  arts,  treaties,  and  executive  orders 
are  open  to  interpretation  because  they  rarely  mention  water 
rights  expressly.  How  these  documents  are  construed  has  sig- 
nificant implications  for  the  quantification  of  reserved  rights. 

For  example,  the  treaty  creating  the  Wind  River  Indian 
Reservation  in  Wyoming  contains  references  to  "agriculture" 
and  "farming,"  as  well  as  references  to  "a  permanent  home- 
land" for  the  Shoshone  Tribe  [Treaty  of  July  3,  1868,  1868, 
Articles  VI,  VII,  II,  and  IV].  A  narrow  interpretation  of  the 


treaty  might  conclude  that  the  primary  purpose  of  the  Reser- 
vation was  to  encourage  the  Tribe  to  farm,  implying  that  a 
reserved  right  exists  for  agricultural  purposes.  A  broader  inter- 
pretation would  find  that  the  purpose  of  the  Reservation  was 
to  create  a  permanent  homeland,  suggesting  in  turn  that  a 
reserved  right  might  exist  for  any  purpose  consistent  with  us^' 
of  the  Reservation  as  a  homeland,  including  hunting  and  fish- 
ing, recreation,  and  mineral  and  industrial  development  as 
well  as  irrigated  agriculture.  In  this  example  the  broad  inter- 
pretation adopted  by  the  Special  Master  resulted  in  a  larger 
award  than  would  have  resulted  from  a  narrow  interpretation 
[Special  Master,  1982,  pp.  327-344]. 

It  appears  that  the  current  Supreme  Court  favors  narrow 
interpretations  of  purposes.  The  Court  affirmed  its  narrow 
view  in  United  States  versus  State  of  New  Mexico  [1978], 
which  addressed  reserved  water  rights  for  the  Gila  National 
Forest  in  New  Mexico.  The  Court  found  that  the  primary 
purposes  of  the  Gila  National  Forest  were  to  furnish  a  con- 
tinuous supply  of  timber  and  insure  favorable  conditions  of 
water  flow.  The  Court  further  suggested  that  a  reserved  right 
does  not  exist  for  secondary  purposes  established  under  the 
Multiple-Use  Sustained- Yield  Act  of  1960,  such  as  stock  graz- 
ing, fish  and  wildlife  habitat,  or  aesthetics.  The  Court  opined 
that  Congress  intended  for  water  for  such  secondary  purposes 
be  obtained  pursuant  to  New  Mexico  state  law. 

The  principles  enunciated  in  United  States  versus  State  of 
New  Mexico  [1978]  have  been  held  applicable  to  an  Indian 
Reservation  in  the  State  of  Washington.  In  Colville  Confeder- 
ated Tribes  versus  Walton  [1979]  the  United  States  Court  of 
Appeals  for  the  Ninth  Circuit  found  that  the  principal  pur- 
poses of  the  reservation  consisted  of  agricultural  pursuits  and 
fishing.  More  recent  cases,  such  as  Wyoming's  Big  Horn  Adju- 
dication, may  again  test  the  Supreme-Court's  interpretation  of 
the  purposes  arguments.  In  the  interim,  it  is  fair  to  assum(( 
that  the  Court  will  be  consistent  with  its  past  rulings  and 
interpret  purposes  relatively  narrowly. 

2.2.     Quantification  Standards 

One  of  the  most  important  issues  regarding  reserved  rights 
involves  the  selection  of  appropriate  standards  for  determin- 
ing their  nature  and  quantity.  For  reserved  water  rights  the 
quantification  process  involves  determining  how  much  water 
is  required  to  fulfill  a  specific  purpose.  A  partial  list  of  some 
quantification  standards  that  have  been  used  in  the  past  for 
Indian  reservations  is  given  in  Table  1. 

The  Supreme  Court's  Winters  versus  United  States  [1908] 
decision  established  the  legal  basis  for  the  existence  of  reserved 
rights  without  specifying  a  quantification  methodology.  From 
1908  through  1963,  several  court  cases  upheld  the  Winters 
doctrine,  but  provided  only  fleeting  glimpses  into  how  these 
rights  were  to  be  quantified.  For  example,  in  United  States 
versus  Walker  River  Irrigation  District  [1939,  p.  340]  a  federal 
court  held  that  the  amount  of  water  an  Indian  Tribe  needed 
for  irrigation  "...  could  only  be  demonstrated  by  experience." 
In  an  earlier  case,  the  same  court  had  held  that  the  appropri- 
ate standard  was  "ultimate  need"  encompassing  past,  present, 
and  future  uses  [Conrad  Investment  Company  versus  United 
States,  1908,  p.  832]. 

In  State  of  Arizona  versus  State  of  California  [1963]  the 
reserved  rights  of  five  Indian  tribes  along  the  lower  Colorado 
River  were  quantified.  In  its  1963  opinion  the  Court  held  that 
a  reserved  right  existed  to  serve  the  "practicably  irrigable  acre' 
age"  on  the  reservations;  the  Court  later  awarded  the  right  to 
divert  approximately  900,000  ac-ft  of  water  annually  as  a 
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TABLE  1. 


A  Sample  of  Standards  Accepted  by  the  Courts  for  Quantification  of  Indian  Reserved 

Rights 


Case  and  Citation 


Standard  for  Quantification 


United  States  versus  Walker  River 

Irrigation  District  [1939] 
United  States  versus  Alexander  [1942] 

Conrad  Investment  Company  versus 
United  States  [1908] 

State  of  Arizona  versus  State  of 
California  [1963] 


Colville  Confederated  Tribes  versus 
Walton  [1981] 


United  States  versus  Adair  [1979] 


Special  Master  [1982] 


State  of  Arizona  versus  State  of 
California  [1982,  1983] 


Past  and  present  uses  as  demonstrated 
by  experience 

"So  much  water  as  may  be  required  to 
irrigate  such  lands." 

"Whatever  water  . . .  may  be  reasonably 
necessary,  not  only  for  present  uses 
but  for  future  requirements " 

The  amount  of  water  needed  to  irrigate 
the  practicably  irrigable  acreage 
as  determined  by  then-current  (1960) 
standards 

Quantity  necessary  to  (1)  permit 
irrigation  of  all  practicably  irri- 
gable acreage  on  the  reservation 
and  (2)  support  the  development  and 
maintenance  of  replacement  fishing 
grounds 

"As  much  water  on  the  Reservation 
lands  as  they  need  to  protect  their 
hunting  and  fishing  rights." 

Quantity  based  upon  the  amount  of 
water  needed  to  irrigate  the 
practicably  irrigable  acreage 

Quantity  based  upon  the  amount  of 
water  needed  to  irrigate  the 
practicably  irrigable  acreage  added 
to  the  reservations  by  boundary 
determinations  and  adjustments 


quantification  of  that  reserved  right.  In  more  recent  court 
cases,  the  PIA  standard  has  continued  to  be  used  for  the 
quantification  of  agricultural  reserved  rights  on  Indian  reser- 
vations. Although  there  is  a  continuing  debate  concerning 
what  constitutes  "practicably  irrigable  acreage,"  a  consensus 
view  seems  to  be  emerging  that  it  implies  suitability  for  irri- 
gation from  the. engineering,  soils,  water  supply,  and  economic 
perspectives  ^Special  Master,  1982].  The  courts  have  been 
careful,  however,  not  to  imply  that  PIA  is  the  only  acceptable 
standard  for  quantifying  Indian  agricultural  reserved  rights. 
The  Supreme  Court  recently  suggested  that  given  an  appropri- 
ate case,  it  might  modify  the  natural  resource  based  PIA  stan- 
dard it  initially  embraced  in  State  of  Arizona  versus  State  of 
California  [1963]. 

The  Supreme  Court  has  also  placed  limits  on  the  quantifica- 
tion of  reserved  rights  in  specific  situations  not  involving 
Indian  claims.  One  example  is  the  Cappaert  versits  United 
States  [1976]  case,  which  involved  an  express  reservation  of 
water  for  the  Devil's  Hole  National  Monument  in  Nevada. 
The  Court  held  that  the  federal  reservation  was  created  to 
preserve  natural  habitat  and  that  the  amount  of  water  re- 
served to  preserve  that  habitat  would  be  defined  by  "  . . .  mini- 
mal need"  [Cappaert  versus  United  States,  1976,  p.  141].  In  a 
more  recent  case  the  Supreme  Court  limited  the  scope  of  a 
reserved  right  for  the  Gila  National  Forest  in  New  Mexico  to 
the  amount  such  that  "...  without  the  water  the  purposes  of 
the  reservation  would  be  entirely  defeated"  [United  States 
versus  State  of  New  Mexico,  1978,  p.  700].  In  another  recent 
case  involving  tribal  fishing  rights  in  Washington  the  court 
held  that  the  amount  of  fisheries  reserved  was  the  amount 
required  to  maintain  a  "moderate  standard  of  living"  [State  of 
Washington  versus  Washington  Commercial  Passenger  Fishing 
Vessel  Association,  1979,  p.  686]. 

Although  none  of  these  latter  cases  involved  reserved  water 
rights  for  Indian  reservations,  the  change  in  emphasis  from  the 


Court's  1963  decision  to  these  more  recent  decisions  is  strik- 
ing. It  is  unclear  whether  the  change  stems  from  the  fact  that 
different  types  of  situations  were  involved,  or  whether  they 
reflect  a  changing  judicial  attitude  toward  quantification. 

2.3.     Other  Reserved  Rights  Characteristics 

One  important  limitation  on  federal  reserved  rights  is  that 
thus  far,  they  have  been  restricted  to  surface  water  supplies. 
An  opportunity  for  the  Court  to  extend  reserved  rights  to 
groundwater  arose  in  Cappaert  versus  United  States  [1976].  In 
Cappaert  the  federal  government  sought  a  reserved  right  for  a 
pool  of  water  hidden  in  a  limestone  cavern  in  the  Devil's  Hole 
National  Monument  to  protect  the  breeding  grounds  of  the 
Devil's  Hole  Pupfish.  The  pumping  of  several  nearby  irri- 
gation wells,  pursuant  to  Nevada  state  law,  was  lowering  the 
water  level  of  the  cavern  to  a  level  that  made  it  impossible  for 
the  pupfish  to  breed.  The  irrigation  wells  postdated  the  crea- 
tion of  the  Monument.  The  Court,  while  finding  an  express 
reserved  water  right  in  the  pool,  was  careful  not  to  extend  the 
reserved  right  to  underground  water.  Noting  that  "no  cases  of 
this  Court  have  applied  the  doctrine  of  implied  reservation  of 
water  rights  to  underground  water,"  [Cappaert  versus  United 
States,  1976,  p.  2071],  the  Court  stated  that  the  water  in  the 
pool  was  surface  water  and  as  such  could  be  protected  from 
subsequent  diversions  of  surface  water  and  groundwater. 

Another  potential  limitation  on  federal  reserved  rights  in- 
volves the  issue  of  their  transferability:  that  is,  whether  re- 
served water  must  be  put  to  the  specific  purpose  for  which  it 
was  reserved,  or  whether  it  may  be  put  to  other  on-reservation 
purposes  or  even  brokered  for  ofT-reservation  uses.  It  appears 
that  with  respect  to  Indian  reservations,  water  reserved  for 
one  specific  purpose  such  as  agriculture  can  be  used  for  other 
reservation  purposes  such  as  industrial  development  [State  of 
Arizona  versus  State  of  California,  p.  422.  1979]. 

The  question  is  of  less  import  for  other  types  of  federal 
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reservations.  Since  claims  for  national  parks,  forests,  and  mon- 
uments for  the  most  part  seek  minimum  stream  flows,  there  is 
little  consumptive  use  to  transfer  from  one  purpose  to  another. 
Questions  may  theoretically  arise  concerning  whether  public 
drinking  water  in  a  national  park  can  be  taken  from  that 
park's  reserved  right  allotment,  but,  as  a  practical  matter,  the 
magnitude  of  such  uses  is  probably  too  small  to  elicit  contro- 
versy. Of  far  more  concern  are  the  potential  effects  of  such 
senior  instream  flows  on  upstream  diversions. 

Perhaps  the  most  controversial  question  concerning  trans- 
ferability is  whether  water  allotted  to  Indian  reservations 
under  the  reserved  nghts  doctrine  can  be  leased  or  sold  for 
off-reservation  use.  According  to  some  legal  observers,  Indians 
do  not  have  the  right  to  utilize  their  reserved  rights  for  devel- 
opment of  off-reservation  resources,  nor  can  their  reserved 
rights  be  sold  or  leased  without  congressional  consent  [Palma, 
1978;  Clyde,  1982].  This  interpretation  is  based  upon  re- 
strictions placed  upon  the  sale  of  Indian  resources  by  the 
Non-Intercourse  Act  of  1796  [t/.  5.  Congress,  1796a,  6].  Such 
restrictions  are  currently  being  challenged  in  court,  however 
ISpecial  Master,  1982]. 

If  the  courts  uphold  restrictions  on  the  sale  or  lease  of 
Indian  rights,  the  result  could  be  economically  inefficient  allo- 
cations of  water  in  fully  appropriated  river  basins.  This  situ- 
ation could  result  because  the  Court  has  not  historically  con- 
sidered economic  tradeoffs  with  off-reservation  uses  in  quan- 
tifying Indian  reserved  rights.  To  the  extent  that  reserved 
rights  can  be  bartered,  however,  the  implications  could  be 
quite  different.  The  sale  or  lease  of  Indian  reserved  water 
rights  for  nonreservation  uses  could  improve  the  economic 
efficiency  of  water  allocation,  and  at  least  some  Indian  tribes 
seem  interested  in  such  transfers  [_Ute  Indian  Compact,  1980]. 
TTie  implications  of  such  transfers  for  interstate  compacts  may 
become  a  topic  of  dispute,  however,  concerning  whether  the 
transferred  water  should  be  charged  against  the  allocated 
share  of  the  state  of  origin  or  the  state  of  ultimate  use  IClyde, 
1985]. 

A  related  issue  involves  the  extent  to  which  the  courts 
should  consider  potential  impacts  upon  other  users  in  the 
quantification  of  federal  reserved  rights.  If  considered,  these 
potential  impacts  could  represent  a  significant  limitation  on 
reserved  rights  in  some  situations.  In  State  of  Arizona  versus 
State  of  California  [1963]  the  quantification  of  reserved  rights 
for  five  Indian  reservations  was  resolved  without  express  con- 
sideration of  competmg  uses. 

In  Wyoming's  Big  Horn  Adjudication,  the  Special  Master 
[1982,  p.  342]  granted  extensive  agricultural  reserved  rights  to 
the  Arapahoe  and  Shoshone  tribes,  but  imposed  a  restriction 
that  water  could  be  put  to  beneficial  use  only  gradually  over  a 
100  year  period.  This  limitation  was  apparently  intended  to 
allow  time  for  the  development  of  storage  facilities  to  buffer 
the  impacts  new  reserved  rights  would  have  upon  junior  ap- 
propriators.  The  District  Court  later  modified  this  restriction 
to  an  outright  requirement  that  storage  facilities  be  built 
before  water  was  appropriated  for  new  irrigation  projects  on 
the  reservation.  That  restriction  was  later  removed  by  yet  an- 
other court  and  the  case  is  now  on  appeal. 

In  one  non-Indian  case,  the  Supreme  Court  unanimously 
held  that  the  quantification  of  federal  reserved  rights  must  be 
sensitive  to  such  impacts  {^United  States  versus  State  of  New 
Mexico,  1978].  It  is  not  clear  to  what  extent  and  in  what 
situations  the  "sensitivity"  criterion  are  to  be  applied. 

The  ultimate  outcome  of  the  issues  involving  limitations 
and  restrictions  will  rest  largely  with  the  Supreme  Court  as 


more  cases  proceed  through  the  appeals  process.  It  is  apparent 
that  there  is  much  to  clarify  about  the  nature  of  federal  re- 
served rights  before  their  ultimate  impact  upon  western  water 
resources  can  be  assessed. 

3.    Indian  Reserved  Rights  Claims 

3.1.     The  Centerpiece  of  Tribal  Claims:     PI  A 

The  preceding  section  explored  some  general  aspects  of  fed- 
eral reserved  water  rights.  In  this  section  we  examine  some 
implications  of  using  the  practicably  irrigable  acreage  stan- 
dard to  quantify  reserved  water  rights  for  Indian  reservations. 
As  a  starting  point,  it  is  useful  to  review  the  Supreme  Court's 
rationale  for  adopting  PIA  in  State  of  Arizona  versus  State  of 
California,  vol.  373,  p.  600-01,  1963]. 
The  Court  stated 

We  agree  with  the  Master's  conclusion  as  to  the  quantity  of 
water  intended  to  be  reserved.  He  found  that  the  water  was 
intended  to  satisfy  the  future  as  well  as  the  present  needs  of  the 
Indian  reservations  and  ruled  that  enough  water  was  reserved  to 
irrigate  all  the  practicably  irrigable  acreage  on  the  reservations. 
Arizona,  on  the  other  hand,  contends  that  the  quantity  of  water 
reserved  should  be  measured  by  the  Indians'  "reasonably  foresee- 
able needs,"  which  in  fact  means,  by  the  number  of  Indians.  How 
many  Indians  there  will  be  and  what  their  future  needs  can  only 
be  guessed.  We  have  concluded,  as  did  the  Master,  that  the  only 
feasible  and  fair  way  by  which  reserved  water  for  the  reservations 
can  be  measured  is  irrigable  acreage. 

At  the  time  (1963)  the  Court  believed  that  a  resource-based 
standard  such  as  PIA  would  ensure  water  for  future  tribal 
needs  without  entertaining  the  complexities  of  what  those 
needs  might  be.  Although  Justices  Harlan  and  Stewart  sup- 
ported the  Court's  decision  in  State  of  Arizona  versus  State  o^^ 
California,  vol.  373,  p.  603,  1983],  they  did  so  "  . . .  not  withouHIF 
some  misgivings  regarding  the  amounts  of  water  allocated  to 
the  Indian  reservations."  As  a  whole,  however,  the  Court  may 
not  have  anticipated  the  magnitude  of  future  claims  that 
would  be  forthcoming  using  the  PIA  standard  on  other  reser- 
vations. 

More  recent  opinions  suggest  that  the  Supreme  Court  may 
not  be  comfortable  with  the  PIA  standard  as  adopted  in  State 
of  Arizona  versus  State  of  California  [1963].  As  is  discussed  in 
section  2  above,  the  Court  adopted  the  concept  of "  . . .  mini- 
mal need"  in  Cappaert  versus  United  States  [1976]  to  quantify 
a  reserved  right  for  a  national  monument  It  also  involved  the 
concept  of  "  . . .  moderate  standard  of  living"  to  help  define 
Indian  reserved  fishing  rights  in  State  of  Washington  versus 
Washington  Commercial  Passenger  Fishing  Vessel  Association 
[1976]. 

Also  indicative  of  the  Court's  thinking  was  its  refusal,  in 
1983,  to  expand  the  reserved  rights  award  in  the  original  State 
of  Arizona  versus  State  of  California  [1963]  case  to  include 
lands  omitted  from  the  prior  proceedings.  The  Court  stated 
that  to  reopen  the  case  would  require  reconsideration  of 
whether  application  of  the  PIA  standard  itself  was  appropri- 
ate; the  Court  intimated  that  revisiting  the  issue  might  not  be 
as  beneficial  to  the  interests  of  the  Indian  reservations  as  PIA 
has  been  [^State  of  Arizona  versus  State  of  California,  1963]. 

The  U.S.  Department  of  Justice  recently  gave  indications 
that  changes  are  coming  in  the  adjudication  of  reserved  water . 
rights.  In  a  presentation  to  the  Conference  on  the  Federaf 
Impact  on  State  Water  Rights  in  1984,  Deputy  Solicitor  Gen- 
eral Louis  F.  Claiborne  IClaiborne,  1984,  p.  6]  predicted  that 
"Quantification  standards  or  procedures  will  be  adjusted  so  as 
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to  avoid  adjudicating  to  the  Indians  all  the  available  waters  to 
the  detriment  of  actual  beneficial  use  by  non-Indian  neigh- 
bors." Claiborne  [1984,  pp.  6-7]  went  on  to  state 

The  devices  invoked  for  holding  down  Indian  water  claims 
where  they  might  otherwise  exhaust  the  available  waters  and 
require  non-Indians  to  relinguish  [sic]  existing  uses  predictably 
will  include  some  or  all  of  the  following: 

1.  According  finality  to  old  judgments  or  contracts  which 
favor  non-Indians  and  understate  the  triblc  entitlement; 

2.  Allowing  State  courts,  in  future  [sic],  to  quantify  Indian 
water  rights,  subject  only  to  U.S.  Supreme  Court  discretionary 
review  in  cases  of  manifest  error; 

3.  Applying  a  modified  New  Mexico  test  to  quantify  Reser- 
vation entitlement,  limited  to  the  amount  necessary  to  satisfy  the 
primary  purposes  of  the  Reservation,  as  contemplated  at  the  time 
of  its  creation; 

4.  Restricting  change  of  use  to  those  contemplated  at  the  date 
the  Reservation  was  established  and  the  water  was  reserved; 

5.  Invoking  the  Fishing  Vessel  "moderate  living"  standard  as  a 
ceiling  to  Indian  water  claims; 

6.  Limiting  transferability  of  water  rights,  at  least  for  off- 
Reservation  use  by  non-Indians; 

7.  Imposing  a  rule  of  loss  of  right  through  non-use  if  there  is 
no  actual  beneficial  use  on  the  Reservation  within  some  reason- 
able time;  and.  finally, 

8.  Qualifying  the  doctnne  of  implied  reservation  by  presuming 
that  the  United  States  would  not  have  ...  to  reserve  all  available 
waters  for  an  Indian  Reservation  where  the  consequence  of  so 
doing  was  to  condemn  to  perpetually  useless  desert  neighboring 
federal  lands — especially  those  acquired  from  the  Indians  with  a 
view  to  sale  to  homesteaders. 

On  the  basis  of  Claiborne's  statements  and  the  more  recent 
court  decisions,  it  appears  that  there  are  a  number  of  legal 
devices  that  could  be  used  to  soften  the  impact  of  the  PIA 
standard  in  future  adjudications.  The  extent  to  which  any  or 
all  of  these  devices  are  adopted  in  future  adjudications  prob- 
ably depends  in  large  measure  on  how  the  PIA  standard  is 
applied.  In  the  following  sections  we  examine  some  issues 
raised  by  past  PIA  quantifications  ahd  offer  some  thoughts  on 
how  the  PIA  standard  could  be  applied  more  equitably  in  the 
future. 

3.2.     Problems  with  Implementing  PIA 

The  biggest  practical  problem  with  the  PIA  standard  in- 
volves determining  what  land  is  practicably  irrigable  and  what 
land  is  not.  In  a  previous  paper,  we  suggested  that  [Brookshire 
et  al.,  1983,  p.  753]  "...at  a  minimum,  determinations  of 
arability,  engineering  feasibility,  water  supply,  and  economic 
feasibility  are  prerequisite  to  a  finding  that  lands  are  practi- 
cably irrigable."  These  criteria  are  similar  to  those  used  by 
federal  and  state  agencies  for  evaluating  water  development 
projects,  and  the  determination  of  PIA  has  often  hinged  on 
the  outcome  of  benefit  cost-analyses.  As  Special  Master  Tuttle 
stated  in  State  of  Arizona  versus  State  of  California  [1963], 
"for  present  purposes,  a  finding  that  annual  benefits  exceed 
costs  will  suffice  for  a  finding  of  practicable  irrigability."  One 
problem  with  this  approach  is  that  standards  for  assessing 
benefits  and  costs  change  over  time.  Thus  when  the  quantifica- 
tion process  begins  is  an  important  determinant  of  the  out- 
come. Changing  standards  for  benefit-cost  analyses  are  illus- 
trated by  the  continuum  of  federal  cookbooks  such  as  U.S. 
Bureau  of  the  Budget  [1952],  Circular  A-47,  U.S.  Congress 
Senate  [1962],  Document  97,  culminating  in  the  Principles 
and  Standards  scries  of  the  U.S.  Water  Resources  Council 
[1979,  1983].  Burness  et  al.  [1979]  summarize  how  these  stan- 
dards have  changed  historically. 

Changing  standards  for  benefit-cost  analyses  have  led  to 


disagreements  concerning  which  standards  are  appropriate  for 
determining  PIA.  In  the  Big  Horn  Adjudication,  one  witness 
opined  that  then  current  standards  for  benefit-cost  analysis 
were  inappropriate  for  determining  PIA  because  they  were 
less  favorable  to  development  than  standards  used  prior  to 
1973  ICummings,  1981].  The  witness  suggested  that  as  a 
consequence,  the  Tribes  were  penalized  for  not  having  their 
reserved  rights  quantified  at  an  earlier  date.  The  witness  failed 
to  point  out,  however,  that  an  earlier  quantification  would  not 
have  been  able  to  take  advantage  of  more  recent  irrigation 
technology  and  could  well  result  in  a  smaller  reserved  right 
even  though  past  economic  criteria  were  more  lenient.  The 
practical  problem  is  simple  yet  complex:  What  is  the  appro- 
priate mix  of  economic  standards  and  technology  given  that 
these  factors  are  always  changing?  Is  it  appropriate  to  use 
1950s  benefit-cost  methods  and  1980s  technology  to  award  a 
reserved  water  right  with  an  1870  priority  date  for  land  that 
was  not  irrigable  then? 

Another  problem  with  PIA  is  that  benefit-cost  analyses  for 
irrigation  projects  involve  many  assumptions  concerning  tech- 
nical matters  for  which  there  is  no  objective  standard.  For 
example,  what  types  of  yields  can  be  exjjected  from  irrigated 
crops  on  land  that  has  never  been  farmed  before?  What  effects 
will  increased  crop  production  have  on  regional  crop  prices? 
Unfortunately,  the  amount  of  PIA  on  a  given  reservation  is 
highly  sensitive  to  such  assumptions,  as  well  as  to  consider- 
ations of  technology  and  economic  standards. 

This  point  is  illustrated  by  the  benefit  cost  ratios  in  Table  2, 
submitted  by  the  contesting  parties  in  the  Wyoming's  Big 
Horn  Adjudication.  The  differences  in  the  benefit-cost  ratios 
represent  both  different  standards  as  well  as  different  internal 
assumptions.  The  primary  differences  are  attributable  to  (1) 
differences  in  assumptions  concerning  appropriate  farm  size 
and  farm  equipment  use  and  (2)  differences  concerning  what 
factors  constitute  appropriate  measures  of  benefits.  Table  2 
demonstrates  the  sensitivity  of  the  results  to  these  factors,  with 
prices  and  technology  being  held  constant. 

The  State  of  Wyoming  and  United  States'  (Table  2,  columns 
1  and  2)  estimates  are  consistent  with  the  then  current  Water 
Resources  Council  standards  for  water  project  evaluation.  The 
United  States'  estimates  differ  from  the  State  of  Wyoming's 
principally  in  assumptions  relating  to  farm  size  and  how  ef- 
ficiently farm  equipment  could  be  used;  note  the  wide  range  in 
values  resulting  from  these  technical  disagreements.  The  Sho- 
shone and  Arapahoe  Tribes  presented  two  different  con- 
ceptual measures.  In  column  3  the  procedures  are  essentially 
those  followed  by  the  State  of  Wyoming  and  the  United 
States,  with  different  assumptions  regarding  on-farm  and 
water  delivery  systems  costs.  Columns  1  through  3  illustrate 
the  range  of  benefit-cost  ratios  that  can  result  from  alternative 
assumptions  as  to  the  appropriate  measures  of  farm  size,  farm 
equipment  use,  and  water  delivery  systems  costs. 

Column  4  moves  beyond  simple  variation  in  technical  as- 
sumptions to  broader  interpretation  of  what  constitutes  a  legi- 
timate benefit.  Cummings  [1981]  argued  that  the  column  4 
results  were  appropriate  because  they  reflect  the  standards 
employed  to  justify  the  bulk  of  federally  financed  western 
water  projects  prior  to  1970  and  thus  (out  of  fairness)  should 
be  used  to  quantify  Indian  reserved  water  rights.  Thus  all  else 
being  constant  (e.g.,  commodity  prices,  water  delivery  system 
costs,  technology),  changing  standards  can  also  yield  widely 
ranging  benefit-cost  ratios.  Since  this  variation  occurs  both 
above  and  below  unity  (1),  widely  ranging  quantifications  of 
the  reserved  water  right  could  result. 


1782 


Brookshire  ft  al.:  Western  Water  Management 


TABLE  2.     Benefit-Cost  Ratios  for  New  Irrigation  Projects  in  the  Wyoming  Big  Horn  Adjudication 


State  of  Wyoming" 

United  Statest 

Shoshone  and 

Arapahoe  TribesJ 

Based  Upon  National 

Based  Upon  National 

Based  Upon  National 

m 

Designed  Areas 

Economic  Development 

Economic  Development 

Economic  Development 

Based  Upon  Nationals 

on  the 

Benefit-Cost  Concepts 

Benefit-Cost  Concepts 

Benefit-Cost  Concepts 

Economic  Development 

Wind  River 

(Assumptions  Vary 

(Assumptions  Vary 

(Assumptions  Vary 

Concepts  and 

Reservation 

From  Other  Parlies) 

From  Other  Parties) 

From  Other  Parties) 

Secondary  Benefits 

North  Crowhart 

0.33 

1.47 

1.72-2.28 

2.52-3.29 

Big  Horn  Flats 

0.32 

1.07 

1.13-1.64 

1.70-2.40 

South  Crowhart 

0.42 

1.29 

1.48-1.92 

2.22-2.82 

Arapahoe 

0.46 

1.53 

1.77-2.21 

2.57-3.18 

Riverton  East 

0.47 

1.25 

1.46-2.01 

2.21-2.97 

All  estimates  utilized  a  4%  real  discount  rate.  This  rate  was  chosen  to  illustrate  the  alternative  estimates  because  it  is  the  only  rate  that  all 
parties  utilized. 

•Data  from  Jacobs  [1981,  p.  13,  Table  II-7]. 

tData  from  Dornbusch  [1982]. 

JData  from  Cummings  [1981,  p.  12,  Table  2].  The  range  is  a  result  of  utilizing  different  water  delivery  cost  estimates. 


In  this  particular  case,  the  Special  Master  accepted  the 
United  States'  analysis  and  recommended  the  award  of  a  re- 
served right  for  most  of  the  lands  proposed  by  the  United 
States  for  new  irrigation  projects  \_Special  Master,  1982].  It  is 
apparent,  however,  that  the  quantification  of  reserved  rights 
using  PIA  can  lead  to  strikingly  different  results  def>ending 
upon  what  assumptions  and  what  set  of  standards  are  chosen 
for  the  analysis. 

3.3.     PIA  and  Technological  Change 

A  problem  similar  to  changing  standards  is  that  of  changing 
technological  feasibility.  The  results  in  Table  2  are  all  based 
upon  current  (late  1970's)  technology.  It  is  obvious  that  far 
more  lands  were  irrigable  in  the  1970's  than  were  irrigable 
when  the  Wind  River  Indian  Reservation  was  established,  par- 
tially because  some  lands  high  above  water  supplies  are  now 
irrigable  using  new  pumping  technology.  New  sprinkler  con- 
figurations and  drip  irrigation  also  have  increased  the  poten- 
tial amount  of  acreage  that  may  be  irrigable.  This  situation  is 
important  because  of  two  somewhat  contradictory  stances 
taken  by  the  courts:  (1)  federal  reserved  water  rights  are  to  be 
administered  with  a  prionty  date  as  of  the  date  the  reservation 
was  created  [Cappaert  versus  United  States,  vol.  426]  and  (2) 
the  amount  of  PIA  on  a  reservation  is  to  be  determined  usmg 
contemporary  standards  and  technology  as  of  the  time  the 
reserved  nght  is  quantified. 

An  example  based  upon  the  recent  adjudication  of  the  Big 
Horn  River  in  Wyoming  will  illustrate  the  potential  problem 
inherent  in  mixing  early  priority  dates  with  modern  technol- 
ogy. The  Wind  River  Indian  Reservation  was  created  by  a 
Treaty  between  the  United  States  and  the  Shoshone  Tribe  in 
1868.  Quantification  of  reserved  rights  for  the  reservation  was 
undertaken  as  a  part  of  a  state-instigated  adjudication  of 
water  rights  on  the  river.  During  that  adjudication  the  Special 
Master  proposed  to  grant  extensive  reserved  water  nghts  to 
the  Indian  tribes  ^Special  Master,  1982].  If  exercised  to  their 
fullest,  these  rights  would  effectively  nullify  the  rights  of  many 
non-Indian  appropriators  in  the  Big  Horn  River  basin.  Per- 
haps the  most  substantial  right  was  one  granted  to  bring 
under  irrigation  approximately  48.520  acres  of  range  land  lo- 
cated primarily  on  bluffs  high  above  the  Wind  River.  These 
lands  could  only  be  irrigated  using  modem  pumping  technol- 
ogy with  center  pivot  and  side-roll  sprinkler  systems. 

The  problem  with  this  award  can  best  be  illustrated  hypo- 
thetically.  Suppose,  for  instance,  that  the  virgin  flow  of  the  Big 
Horn  River  in  1868  was  more  than  sufficient  to  irrigate  all  of 


the  Indian  and  non-Indian  lands  that  could  practically  be 
irrigated  using  flood  techniques.  Assuming  no  technological 
changes  had  taken  place  between  1868  and  today,  there  might 
still  have  been  more  than  adequate  water  in  the  Big  Horn 
River  to  irrigate  all  the  "practically  irrigable  acreage"  in  the 
river  basin.  In  tact,  however,  it  is  now  possible  to  bring 
enough  new  land  under  irrigation  to  more  than  exhaust  the 
virgin  flow  of  the  river.  It  is  in  this  situation  that  the  con- 
ceptual difficulty  with  the  PIA  concept  lies,  The  courts  have 
held  that  PIA  is  to  be  determined  using  the  legal  fiction  that 
the  right  exists  independently  of  off-reservation  development. 
This  fiction  ignores  the  obvious  fact  that  the  technology  used 
to  quantify  the  water  right  is  a  direct  result  of  off-reservation 
development. 

To  carry  the  argument  to  the  extreme,  it  could  be  arguei 
that  society  would  have  been  better  off  delaying  the  pro- 
duction of  electrical  pumps  and  center  pivot  sprinklers  until 
such  time  as  all  reserved  rights  had  been  quantified.  An 
equally  extreme  posture  from  the  Indian  position  would  be 
that  it  would  be  to  their  benefit  to  delay  the  quantification  of 
their  reserved  nghts  indefinitely,  based  upon  the  premise  that 
at  some  distant  date  the  technology  would  exist  to  practically 
irngate  almost  every  acre  on  every  reservation  in  the  West. 
Thus  through  time,  the  potential  amount  of  practicable  irrig- 
able acreage  is  increasing. 

Others  have  discussed  the  problem  of  appropriate  assump- 
tions concerning  technology.  Clyde  [1975,  p.  47]  rhetorically 
raised  the  question,  "Should  the  courts  use  the  acreage  suscep- 
tible of  irrigation  when  the  reservation  was  created,  or  at  the 
time  of  the  litigation,  or  speculate  on  the  future."  Clyde  ap- 
pears to  argue  that  to  the  extent  that  technology  would  in- 
crease the  amount  of  water  in  a  quantification  procedure,  then 
the  decision  should  rest  on  whether  unappropriated  water 
exists.  Thus  Clyde  does  not  appear  to  directly  address  which 
level  of  technological  development  is  appropriate.  On  the 
other  hand.  Price  and  W eatherford  [1976,  p.  107]  argue  that 
"what  is  practicable  is  a  function  both  of  technology  and 
cost  ..."  and  thus  "...  the  United  States  must  be  free  to  de- 
velop and  apply  its  water  technology  to  Indian  reservations 
without  judicial  limitation  on  congressional  appropriation." 

The  issue  was  addressed  in  State  of  Arizona  versus  State  ^ 
California  [1983.  vol.  456,  p.  98]  by  Special  Master  Tuttle  wh^ 
stated  he  was  "...  convinced  that  . . .  practicable  irrigability 
should  be  based  on  present  standards.  Reference  to  past  stan- 
dards would  introduce  an  additional  complication  in  an  al- 
ready complex  case."  It  could  be  argued  that  the  complexity  of 
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the  issue  is  not  a  particularly  satisfying  justification  for  avoid- 
ing the  inquiry.  Other  PIA  components  (such  as  determining 
what  types  of  soils  are  arable)  are  also  technically  complex.  A 
liberal  view  of  PIA  gives  rise  to  the  possibility  of  pumping 
water  long  distances  to  irrigate  significant  blocks  of  land  that 
could  not  have  been  irrigated  without  modern  pumping  tech- 
nology. Since  this  water  might  have  a  very  early  priority  date, 
potentially  significant  reallocations  of  existing  uses  can  result 
in  fully  appropriated  river  basins. 

3.4.     Suggestions 

Several  solutions  to  this  impasse  are  available.  One  class  of 
reserved  rights  for  agricultural  purposes  could  be  based  upon 
technology  existing  at  the  time  a  reservation  was  established. 
Priority  dates  for  water  or  land  that  could  not  have  been 
feasibly  put  under  irrigation  until  a  later  date,  could  receive 
later  priority  dates.  Since  the  technology  available  to  put  these 
latter  lands  under  irrigation  could  only  be  acquired  through 
tribal  interactions  with  society,  the  effects  on  society  (other 
interactions)  of  using  that  water  for  irrigation  should  also  be 
considered.  For  example,  the  opportunity  cost  of  taking  water 
from  non-Indian  users  (if  any)  to  irrigate  Indian  lands  should 
also  be  considered. 

These  proposals  would  separate  the  quantification  of  agri- 
cultural reserved  rights  into  two  phases.  The  first  phase  would 
establish  a  reserved  water  right  in  perpetuity  based  upon  irri- 
gation technology  available  at  the  time  reservation  was  es- 
tablished. The  second  phase  would  allocate  the  remaming 
water  (if  any)  between  Indian  and  non-Indian  users  based 
upon  modern  technology  and  the  impacts  on  society  of  that 
allocation.  Appropriate  analyses,  such  as  efficiency  studies  of 
water  allocations,  could  be  incorporated  into  these  studies. 
This  approach  would  mitigate  many  of  the  problems  inherent 
in  the  blind  application  of  legal  precedent. 

The  exact  extent  to  which  changing  technology  keeps  ex- 
panding the  potential  PIA  base  is  difficult  to  ascertain.  How- 
ever, it  is  clear  that  the  benefit-cost  analyses  used  to  estimate 
PIA  can  have  highly  variable  results.  In  light  of  this  potential 
variability,  we  suggest  that  the  PIA  standard  must  be  used 
judiciously,  keeping  in  mind  that  the  quantification  of  Indian 
water  rights  involves  equity  considerations  for  Indians  and 
non-Indians  alike. 
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An  Overview  of  the  Law  of  Groundwater  Management 
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Groundwater  management  law  has  evolved  in  this  century  from  a  simple  rule  of  capture  to  a  variety  of 
rules  that  require  sharing  among  claimants,  both  within  and  outside  of  groundwater  basins.  Courts  and 
legislatures  have  modified  the  law  of  groundwater  in  response  to  aquifer  depletion.  Most  of  the  change 
has  occurred  in  the  Far  West,  but  eastern  states  are  now  modifying  their  law  as  shortages  and  use 
conflicts  intensify.  Arizona,  Colorado,  and  New  Mexico  have  developed  the  most  sophisticated  conser- 
vation regimes  that  attempt  to  limit  groundwater  use  to  improve  methods  of  extraction  and  to  move 
water  to  higher  valued  uses.  Other  large  groundwater  using  states  are  also  implementing  or  considering 
similar  conservation  regimes.  Groundwater  conservation  is  encouraged  by  a  recent  Supreme  Court 
decision  that  holds  that  groundwater  is  subject  to  the  negative  commerce  clause.  The  decision  has  the 
effect  of  forcing  states  to  justify  conservation  regimes  that  block  out-of-state  and  perhaps  in-state  access 
to  the  resource. 


1.    Introduction 

Groundwater,  water  within  the  earth's  zone  of  saturation, 
constitutes  about  22%  of  the  nation's  water  supply,  and  con- 
sumption of  this  resource  is  expected  to  increase  in  the  future 
[Library  of  Congress,  1980].  It  is  widely  available  throughout 
the  country  and  incentives  to  use  it  are  high  in  areas  where 
adequate  suiface  supplies  do  not  exist,  where  supplies  are  fully 
allocated  and  where  the  costs  of  surface  diversion  are  high. 
Polluted  surface  supplies  also  create  incentives  to  shift  to 
groundwater,  although  many  aquifers  may  face  the  risk  of 
contamination  from  toxic  chemicals  [Epstein  et  al.,  1982]. 

Groundwater  can  be  either  a  renewable  or  nonrenewable 
resource.  In  the  humid  areas  of  the  country,  withdrawals  from 
an  aquifer  seldom  exceed  the  short-run  rate  of  recharge. 
Large-scale  pumping  can  dewater  shallow  wells  and  create 
spot  shortages,  but  the  long-run  productivity  of  the  aquifer  is 
not  impaired.  In  coastal  areas,  sustained  pumping  may.  how- 
ever, lower  water  tables  and  increase  the  rate  of  salt  water 
intrusion  thus  permanently  impairing  the  resource.  However, 
it  is  in  the  High  Plains  and  Far  West  where  groundwater  is 
likely  to  be  classified  as  a  nonrenewable  resource  because  the 
rate  of  extraction  far  exceeds  the  rate  of  recharge.  Ground- 
water use  has  increased  in  the  west  because  there  is  a  high 
demand  for  water  in  areas  such  as  California'a  San  Joaquin 
Valley  and  the  Los  Angeles  basin.  Central  Arizona,  and  the 
Ogaliala  Formation  in  the  High  Plains  where  surface  supplies 
are  limited  [Christensen  et  a/.,  1982].  As  a  result,  significant 
reductions  in  total  groundwater  availability  by  the  year  2000 
and  shifts  in  regional  water  consumption  patterns  arc  project- 
ed [/I  i/cen,  1982]: 

Annual  ground  water  withdrawals  for  irrigation  are  projected  to 
decrease  by  nine  percent  by  2020.  Most  of  the  decrease  will  occur 
in  Texas  and  Kansas,  with  an  increase  occuring  in  Nebraska. 
Annual  grounds  water  withdrawals  in  Texas  are  projected  to 
decrease  from  eight  maf  to  4.8  maf,  a  forty  percent  reduction. 
Annual  ground  water  withdrawals  in  Kansas  are  projected  to 
decrease  from  three  maf  to  0.3  maf,  a  ninety  percent  reduction. 
Annual  ground  water  withdrawals  in  Nebraska  are  projected  to 
increase  from  eight  maf  to  thirteen  maf,  a  sixty  percent  increase. 
The  corresponding  losses  of  irrigated  areas  in  Texas  and  Kansas 
will  be  more  than  balanced  by  the  increase  in  irrigation  in  Ne- 
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braska.  Texas  and  Kansas  are  also  likely  to  lose  livestock  feeding 
operations  to  Nebraska.  Approximately  six  million  acres  will 
revert  to  dryland  production,  while  additional  acres  will  be  only 
partiedly  irrigated. 

In  many  areas  of  the  country,  groundwater  use  is  therefore 
a  problem  that  requires  management  [Corker,  1979].  That  is. 
someone  must  determine  who  may  use  groundwater  at  what 
rate  and  under  what  conditions.  A  necessary  condition  for  the 
implementation  of  any  long-run  management  program  is  the 
assignment  of  property  rights  in  groundwater.  Management 
programs  start  with  existing  property  rights  assignments  and 
either  refine,  supplement,  or  supplant  these  rights.  Economists 
are  generally  agreed  that  property'rights  must  be  well-defined, 
enforceable,  and  transferable  [Anderson  et  ai,  1983].  Only  if 
these  three  conditions  are  met  will  there  be  proper  incentives 
for  groundwater  users  to  balance  present  versus  future  values 
of  the  resource  and  to  consider  the  substitution  of  resources 
such  as  alternative  supplies  or  more  efficient  water  use  sys- 
tems. With  respect  to  groundwater,  definition  is  the  most  diffi- 
cult problem  because  rights  in  common  pool  resources  are 
reciprocal.  One  pumper's  nght  must  be  defined  with  respect  to 
all  other  pumpers'  rights;  a  groundwater  basin  cannot  be 
sliced  so  neatly  as  a  coal  reserve. 

The  legal  system  has  been  assigning  rights  to  groundwater 
for  centuries,  but  until  very  recently  the  consequences  of  the 
property  rules  recognized  were  not  great  because  supplies 
were  abundant;  this  is  no  longer  true.  In  the  west  and  in  some 
areas  of  the  east  the  assignment  of  groundwater  rights  has 
become  extremely  important  and  controversial  as  competition 
for  scarce  supplies  has  increased.  Historically,  water  rights 
were  almost  exclusively  determined  by  the  courts,  and  this  too 
is  no  longer  true.  Judicial  assignments  are  still  very  important, 
but  legislatures  have  asserted  their  constitutional  power  to 
redefine  common  law  property  rights.  Some  states  such  as 
Arizona,  Colorado,  and  New  Mexico  have  ambitious  adminis- 
trative programs  that  redefine  property  rights  to  conserve 
available  supplies  by  putting  ceilings  on  the  amount  of  per- 
missible consumption.  In  1  year.  Arizona  switched  from  a 
permissive  common  law-based  regime  to  the  most  sophisticat- 
ed and  ambitious  regulatory  program  in  the  country.  Eastern 
states  have  put  in  place  some  emergency  as  well  as  permanent 
management  programs  to  respond  to  spot  and  more  chronic 
shortages  that  are  likely  to  increase  as  farmers  turn  to  ground- 
water for  supplemental  irrigation  and  cities  increase  their 
claims  on  the  supply. 
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This  article  surveys  the  evolution  of  the  law  of  groundwater 
property  rights.  Section  2  sketches  the  relevant  policy  con- 
siderations in  groundwater  management.  Section  3  traces  the 
common  law  rules  from  their  English  antecedents  to  contem- 
porary attempts  to  modify  the  common  law  to  promote  genu- 
ine sharing  among  competitors.  Management  programs  in  the 
eastern  states  are  also  discussed.  Section  4  traces  the  rejection 
of  the  common  law  in  the  West  and  attempts  to  place  ground- 
water rights  within  the  law  of  prior  appropriation  as  well 
other  not  strictly  appropriation  management  programs.  Sec- 
tion 5  analyzes  a  recent  Supreme  Court  decision  holding  that 
groundwater  allocation  is  subject  to  the  negative  commerce 
clause  and  speculates  about  the  impact  of  this  decision  on 
state  management  programs. 

2.    Policy  Framework 

Groundwater  resources  are  either  renewable  or  nonrenew- 
able. In  both  cases,  society's  objective  should  be  to  use  these 
resources  efficiently  and  equitably.  Society  benefits  when  re- 
sources are  allocated  efTiciently,  The  allocation  of  resources  to 
their  highest  value  contributes  to  the  nation's  wealth  and  is 
also  some  guarantee  that  the  benefits  of  the  resources  will  be 
widely  distributed.  The  promotion  of  allocative  efficiency, 
however,  must  sometimes  be  tempered  by  equity  constraints. 
Because  it  is  necessary  to  sustain  human  life,  there  is  a  persist- 
ent theme  in  the  law  and  legislation  that  access  to  water  must 
be  fairly  distributed.  For  example,  to  decide  what  is  the  right 
rate  of  a  mining  a  state  or  region  must  face  the  hard  question 
of  how  it  wishes  to  allocate  its  scare  groundwater  resources  in 
the  future.  This  is  usually  a  question  of  whether  irrigated  agri- 
culture should  be  supported  at  its  present  level.  Several  states 
have  faced  the  mining  issue  but  only  Anzona  has  squarely 
decided  to  shift  water  from  agricultural  to  municipal  and  in- 
dustrial uses.  Arizona's  choice  was  "aided"  by  its  explosive 
urban  growth  and  the  federal  government's  willingness  to  fin- 
ance the  importation  of  surface  supplies  to  the  center  of  the 
state.  The  major  policy  choices  that  any  groundwater  manage- 
ment program  faces  were  well  summarized  by  the  National 
Water  Commission  [1973]: 

The  three  principal  problems  of  ground  water  law,  manage- 
ment, and  administration  are:  (1)  integrating  management  of  sur- 
face water  and  ground  water.  (2)  depletion  of  ground  water 
aquifers  at  rates  exceeding  recharge  (often  referred  to  as  the 
"mining"  of  ground  water),  and  (3)  impairment  of  ground  water 
quality.  Lesser,  though  important,  problems  are  also  considered: 
accelerating  collection  of  ground  water  data  together  with  fuller 
and  more  meaningful  interpretation  of  it,  aquifer  protection,  and 
subsidence. 

2.1.     Renewable  Resources 

The  basic  choices  that  society  faces  with  respect  to  renew- 
able groundwater  resources  are  to  decide  how  the  resource  is 
to  be  shared  among  competing  claimants  and  the  appropriate 
time  period  to  balance  the  rate  of  extraction  with  the  rate  of 
recharge.  Unlike  surface  streams,  there  is  no  short-term  natu- 
ral limit  to  the  amount  of  a  resource  that  can  be  extracted 
over  time.  Thus  groundwater  can  be  pumped  beyond  the  rate 
of  annual  recharge.  It  is  generally  agreed  that  limiting  the  rate 
of  extraction  to  a  basin's  safe  annual  yield  may  be  inefficient 
and  legislatures,  and  courts  have  struggled  to  define  the  time 
period  beyond  the  rate  of  annual  recharge  during  which  the 
books  should  balance.  Once  society  decides  to  limit  ground- 
water extraction  to  the  safe  yield  of  a  basin,  it  is  generally 
more  efficient  to  put  the  burden  of  making  use  decisions  on 


those  who  benefit  immediately  from  the  resource.  The  issue 
thus  becomes  how  property  rights  can  be  defined  to  achieve 
this  objective.  There  arc  two  potential  components  to  ground- 
water property  rights  that  make  definition  more  complicated^ 
compared  to  surface  water  rights.  Groundwater  rights  consist 
of  a  right  to  a  fixed  quantity  as  well  as  a  claim  to  a  static 
pressure  level.  This  is  because  groundwater  is  usually  available 
to  meet  all  demands  if  pumping  levels  are  increased  [Trelease, 
1970].  The  issue  is  how  higher  pumping  costs  should  be  allo- 
cated. 

2.2.     Nonrenewable  Resources 

The  basic  objective  of  nonrenewable  resources  is  to  make 
an  optimum  intertemporal  allocation  IHotelling,  1931]  This 
is  easier  said  than  done,  but  it  focuses  the  issue  on  the  real 
problem.  What  is  the  right  rate  of  mining?  This  objective  is 
not  easy  to  implement  because  the  law  has  put  substantial 
constraints  in  the  way  of  the  ahgnment  of  groundwater  rights 
with  these  objectives.  First,  the  law,  following  Kinney,  has 
subdivided  the  ground  waters  into  three  major  arbitrary  and 
scientifically  unsound  categories:  artesian,  percolating,  and 
underground  water  courses  and  formulated  different  rules  for 
each  source.  [Kinney,  1912].  Second,  until  recently,  there  has 
been  comparatively  little  integration  of  surface  and  ground- 
water rights,  although  water  lawyers  have  always  recognized 
the  need  for  an  integrated  law  \_Weil,  1929].  Third,  the 
common  law  has  led  to  exaggerated  claims  that  groundwater 
is  constitutionally  immune  from  the  state's  police  power. 

3.    Common  Law  of  Groundwater 

The  common  law  of  ground  water  started  with  a  pure  rule^ 
of  capture  that  was  appropriate  for  its  time  but  no  longer  is 
[Moses,  1966].  Nineteenth-century  English  courts  classified 
groundwater  as  part  of  the  soil,  and  the  exclusive  right  to 
extract,  regardless  of  the  consequences  to  competing  users, 
was  assigned  to  the  overlying  property  owner.  Groundwater 
rights  were  conceptually  a  corollary  of  the  maxim  cujus  est 
solum  est  useque  ad  coelum.  Ownership  of  land  from  the 
heavens  to  the  depths  of  the  earth  was  never  taken  literally  m 
England  and  has  undergone  major  modification  in  this 
country  to  accomodate  avaiation  [Wright,  1968].  However, 
the  recognition  of  subsurface  property  rights  to  some  depth  is 
a  powerful  one,  and  groundwater  cases  did  not  require  the 
courts  to  test  the  lower  limits  of  the  maxim  [Ball,  1928].  Any 
injustice  to  competing  users  was  thought  to  be  cured  by  the 
correlative  right  of  capture.  American  courts  initially  adopted 
the  Enghsh  rule  either  as  a  reflexive  reception  of  the  common 
law  or  because  they  agreed  with  the  underlying  assumptions, 
but  they  soon  became  uneasy  with  the  lack  of  any  sharing 
principles  analogous  to  those  found  in  the  law  of  riparian 
rights  applicable  to  surface  waters.  American  courts  began  to 
deviate  from  the  common  law  so  that  today  the  common  law 
of  groundwater  rights  runs  the  gambit  from  the  English  rule 
to  riparian  rights-based  sharing  rules.  This  section  will  exam- 
ine the  scientific  and  economic  bases  of  the  English  rule  and 
its  American  modifications. 

3.1.     English  Rule:     An  Ejficient 
Response  to  Uncertainty? 

The  English  rule,  which  gives  an  overlying  landowner  the 
right  of  unlimited  extraction  regardless  of  the  consequences  to 
competing  users,  was  announced  in  two  cases  between  1843- 
1859.  Two  principal  reasons  were  given  for  the  rule.  First,  the 


Tarlock;  Western  Water  Management 


1753 


extraction  of  groundwater  was  analogized  to  the  erection  of 
an  artificial  structure  on  the  land  [Acton  versus  BlundeU, 
1843].  Wells  therefore  fell  within  the  law  of  lateral  and  subja- 
cent support.  At  common  law  a  landowner  has  a  right  to  have 
his  land  supported  in  its  natural  but  not  artificial  state.  The 
reason  is  the  encouragement  of  land  development.  The  same 
policy  was  applied  by  the  English  courts  to  groundwater  use. 
A  landowner  had  no  right  to  be  free  from  artificial  interfences 
with  his  groundwater  supply  because  he  had  a  correlative 
right  of  self-help  to  do  likewise.  The  rule  was  said  to  serve  "the 
great  interests  of  society"  which  "require  the  cultivation  of 
every  man's  land  be  encouraged  and  its  natural  advantage 

made  fully  available "  Second,  groundwater  hydrology  was 

not  understood  and  thus  rights  were  not  susceptible  to  easy 
adjudication  [Chasemore  versus  Richards,  1859].  It  was  easy 
to  adjudicate  rights  to  surface  streams  because  "running  water 
is  something  visible."  In  contrast,  a  determination  that  there 
had  been  an  interference  with  undergound  supplies  "would 
require  the  evidence  of  scientific  men." 

American  courts  found  the  English  rule's  prodevelopment 
policies  apt  for  an  expanding  economy  and  the  "hidden" 
nature  of  groundwater  a  compelling  justification  for  the  con- 
clusion that  it  would  be  unfair  to  compel  a  landowner  "to 
redress  a  wrong  of  which  he  cannot  possibly  have  noticed" 
[Wheatly  versus  Baugh,  1855].  American  cases  added  an  ad- 
ditional reason  for  a  no  liability  rule  that  fit  well  with  the 
prevailing  national  consensus  that  natural  resources  were 
there  for  man  to  exploit  at  the  fastest  rate  possible.  Ground- 
water, and  with  oil  and  gas  were  classified  as  things  ferae 
naturae,  [Westmoreland  and  Cambria  Natural  Gas  Company 
versus  Dewitt,  1889]  a  Roman  classification  used  to  describe 
unowned  resources.  Under  Roman  law  unowned  resources 
were  in  the  "negative  community"  awaiting  appropriation  or 
capture  by  a  private  party  [Pound,  1922].  The  Roman  justi- 
fication for  capture  gave  it  respectability,  but  the  English  rule 
has  long  been  criticized  and  even  ridiculed.  Ridicule  became 
easy  after  Wisconsin  took  the  English  rule  to  its  logical  limit 
and  held  that  a  landowner  [Huber  versus  Merkel,  1903]  could 
extract  water  even  for  the  malicious  purpose  of  injuring  an- 
other landowner,  although  all  other  courts  incorporated  an 
antimalice  qualification  into  the  common  law  [Greenleaf 
versus  Francis,  1836]. 

In  retrospect,  the  English  rule,  with  the  no  malicious  pump- 
ing qualification,  appears  to  be  both  economically  rational 
and  not  terribly  unjust.  The  rule  is  efficient  because  the  costs 
of  adjudicating  a  fair  division  of  a  common  source  of  supply 
probably  exceeded  the  benefits.  In  areas  of  the  country  where 
groundwater  supplies  are  generally  abundant  or  use  levels  are 
minimal,  the  English  rule  does  not  overly  restrict  access  to 
life-giving  water  supplies.  Individual  pumpers  will  suffer  injur- 
ies but  they  have  the  reasonably  effective  remedy  of  self-help, 
deeper  wells,  and  any  injury  is  likely  to  be  temporary  rather 
than  permanent. 

Just  as  it  may  have  been,  this  defense  of  the  English  rule 
rests  on  two  assumptions  that  have  become  weaker  in  the 
twentieth  century.  Our  knowledge  of  groundwater  hydrology 
has  greatly  increased  so  that  sophisticated  mathematical 
models  of  reservoir  mechanisms  have  replaced  the  Dantian 
vision  of  water  in  flux.  In  many  situations,  it  is  efficient  to 
allocate  the  aquifer  among  competing  users.  Groundwater  use 
has  increased  greatly  and  the  technology  of  extraction  has 
increased.  Finally,  the  small-scale  pumper's  self-help  remedy 
against  a  large-scale  pumper  becomes  more  costly.  In  this 
situation  the  distributional  considerations  may  call  for  a  rule 


that  gives  all  claimants  some  share  of  both  the  stock  and  flow 
incidents  of  the  common  pool. 

The  economic  criticisms  of  the  English  rule  are  many  and 
powerful.  Perhaps,  the  principal  indictment  is  that  the  rule 
leads  to  a  potential  inefficient  allocation  of  resources.  As  has 
been  amply  demonstrated,  when  common  pool  users  have  no 
rights,  except  self-help,  against  other  users  actions,  the  overra- 
pid  exploitation  of  the  resource  will  result.  This  consequence  is 
presumptively  waste  because  no  attempt  is  made  to  value 
future  as  against  present  consumption.  The  rule  of  capture 
created  great  problems  in  the  oil  and  gas  industry  until  it  was 
modified  by  conservation  legislation.  Because  groundwater 
demand  was  not  as  acute,  there  was  little  initial  pressure  for 
the  legislative  modification  of  the  rule  of  capture,  however; 
groundwater  rights  are  undergoing  a  similar  modification. 
Further,  the  classification  of  groundwater  as  incident  to  prop- 
erty ownership  makes  it  difficult  to  coordinate  surface  and 
groundwater  usage,  although  hydrologically  almost  all 
groundwater  is  connected  to  surface  flows.  Surface  rights  are 
thus  impaired  because  against  other  surface  users,  a  surface 
right  holder  must  share,  but  a  groundwater  user  need  not 
share  the  subsurface  flow  with  a  surface  user.  In  addition  to 
waste,  the  English  rule  can  be  inequitable.  It  is  basically  fair 
when  all  aquifer  users  use  roughly  equal  technologies  to  make 
the  same  use  of  water,  but  self-help  is  not  as  fair  when  modest 
users  face  large-scale  pumpers  [Davis,  1972].  Smaller  users 
have  some  expectation  to  be  compensated  for  conditions  that 
change  customary  use  patterns  in  an  area.  Most  states  have 
rejected  the  English  or  absolute  ownership  rule,  but  a  few 
states  (Indiana  [Wiggins  versus  Brazil  Coal.  1983]  and  Ver- 
mont [Drinkwine  versus  Slate,  1970])  have  recently  reaflirmed 
the  rule.  A  federal  district  judge  has  refused  to  follow  the 
Indiana  state  supreme  court  decision  in  a  conflict  between  a 
large-scale  supplemental  irrigation  and  prior  small  farmers 
[Prudential  Insurance  Company  versus  Prohosky,  1984]. 

3.2.     American  Rule 

These  criticisms  of  the  English  rule  were  appreciated  in  the 
late  nineteenth  and  early  twentieth  centuries.  Courts  began  to 
reject  the  English  rule  and  in  its  place  substituted  the  so-called 
"American  or  Reasonable  use  Rule"  [Hoffcui,  1904].  This  rule 
places  four  restrictions  on  overlying  pumpers:  (1)  water  can  be 
pumped  only  for  a  reasonable  use;  (2)  it  must  be  used  reason- 
ably on  overlying  lands;  (3)  pumping  for  a  malicious  purpose 
is  per  se  unreasonable  [Gagnon  versus  French  Lick  Springs 
Hotel  Company,  1904];  and  (4)  the  export  of  water  from 
overlying  to  nonoverlying  lands  is  per  se  unreasonable. 

The  American  or  Reasonable  Use  merely  takes  the  edge  off 
of  the  English  rule.  Only  a  few  states  allowed  malicious  pump- 
ing under  the  English  rule,  but  the  English  rule  was  still 
though  to  be  inefficient  because  it  did  not  inquire  into  the 
utility  of  the  use  or  its  situs.  The  American  Rule  places  a 
minimal  threshold  on  the  overlying  owner's  use:  a  pumper 
must  demonstrate  that  his  use  serves  a  socially  useful  purpose. 
This  clearly  excludes  malicious  uses  and  might  also  exclude 
cases  of  excessive  waste  that  have  been  tolerated  under  the 
English  rule.  Once  this  threshhold  is  met,  the  overlying  owner 
may  pump  unlimited  amounts  of  water  [Finley  versus  Teeter 
Stone.  Incorporated.  1968].  Competing  claimants  arguments 
that  their  wells  have  been  dewatered  are  met  with  the  same 
response  under  the  English  rule,  damnum  absque  injuria. 
There  is  some  loose  talk  in  the  cases  that  the  American  rule 
prohibits  waste,  but  it  is  hard  to  know  if  waste  means  any- 
thing more  than  a  malicious  use.  A  leading  water  lawyer  has 


1754 


Tarlock  :  Western  Water  Management 


written  "such  a  restriction  against  waste  is  inherent  in  the 
term  reasonable  use.  Waste  is  unreasonable"  [Moses,  1969]. 

The  restriction  of  the  use  of  water  to  overlying  lands  is  a 
major  difference  between  the  English  and  American  rules.  On 
one  level  the  restriction  of  water  to  overlymg  lands  is  inef- 
ficient because  it  prevents  its  movement  to  higher  valued  uses. 
For  example,  oil  and  gas  need  not  be  used  on  the  overlying 
land.  On  another  level,  however,  the  restriction  of  rights  to 
overlying  uses  can  be  defended  as  efficient.  The  rule  allows 
pumpers  to  develop  reasonable  expectations  about  the  rate  of 
pumpings  costs  in  an  aquifer.  As  a  result,  the  race  to  mine 
stimulated  by  the  rule  of  capture  is  somewhat  tempered.  In  the 
main,  the  principal  justification  for  nonoverlying  land  rule, 
however,  is  equity  [Clayberg,  1915].  Its  beneficiaries  are  gen- 
erally small  farmers  whose  wells  are  dewatered  or  who  suffer  a 
decline  in  depth  and  pressure  as  the  result  of  the  location  of  a 
nearby  municipal  well  field  IVolkman  versus  Crosby,  1963]. 
These  users  have  some  expectation  that  they  must  compete 
with  other  similarly  situated  users  but  not  with  subsequent 
users  whose  level  of  use  is  of  a  different  magnitude.  The  cases 
enjoining  nonoverlying  users  are  an  example  of  the  incorpor- 
ation of  prior  appropriation  concepts  into  the  common  law  of 
water  rights. 

These  considerations  were  made  explicit  by  the  courts  from 
the  start  [Forbell  versus  City  of  New  York,  1900]; 

But  to  fit  it  up  with  wells  and  pumps  of  such  pervasive  and 
potential  reach  that  from  their  base  the  defendant  can  tap  the 
water  stored  in  piamtiffs  land,  and  in  all  the  region  thereabout. 
and  lead  it  to  his  own  land,  and  by  merchandismg  it  prevents  its 
return,  is.  however  reasonable  it  may  appear  to  the  defendant 
and  its  customers,  unreasonable  as  to  the  plaintiff  and  the  others 
whose  lands  are  thus  clandestinely  sapped  and  their  value  im- 
paired. ...  the  immunity  from  liability  which  the  defendant  claims 
violates  our  sense  of  justice.  It  seems  to  pervert  just  rules  to 
unjust  purposes;  it  does  wrong  unde  the  letter  of  the  law  in 
defiance  of  its  spirit.  The  case  is  certainly  unlike  those  which 
have  preceded  it  in  the  court,  and  we  may  consider  the  rules 
announced  in  the  previous  cases  in  the  light  of  the  cases  them- 
selves. We  recognize  the  fact  that  the  water  supply  of  a  great  city 
is  vastly  more  important  than  the  celery  and  water  and  water 
cresses  of  which  plaintifTs  land  was  so  productive  before  defend- 
ant encroached  upon  his  water  supply,  but  the  defendant  can 
employ  the  right  of  eminent  domain  and  thus  provide  its  people 
with  water  without  injustice  to  plaintiff. 

In  most  states,  the  American  or  Reasonable  Use  rule  has 
not  resulted  in  substantial  pumping  limitations.  For  example, 
the  English  rule  as  applied  by  the  Texas  Supreme  Court  toler- 
ates a  great  deal  of  waste  [City  of  Corpus  Christi  versus  Pleas- 
anton,  1955].  Despite  statements  that  wasteful  practices  are 
potentially  unreasonable,  courts  have  used  crude  categories  to 
resolve  reasonable  use  conflicts  [Moses,  1969].  Although  the 
issue  was  seldom  raised,  overlying  land  was  assumed  to  mean 
all  land  overlying  a  defined  aquifer.  One  exception  to  this 
generalization  is  Arizona,  which  clung  to  the  Reasonable  Use 
rule  in  face  of  persuasive  evidence  that  it  was  unsuited  to  the 
state's  climate  and  economic  situation.  In  a  conflict  between 
pecan  growers  and  a  copper  mine  south  of  Tucson,  the  court 
narrowly  defined  overlying  use  [FICO  versus  Bettwy  Com- 
pany, 1976].  The  mine  owner  wanted  to  pump  water  from  one 
part  of  the  aquifer  and  use  it  on  another  part  several  miles 
away,  but  the  farmers  argued  that  they  would  be  injured  by 
the  pumping  and  thus  the  use  was  not  on  the  land  from  which 
the  water  was  taken.  Earlier  Arizona  cases  suggested  that  the 
term  would  be  defined  narrowly  [Jarvis  versus  State  Land 
Department,   1969],  and  the  court  agreed  with  the  farmers. 


although  it  did  not  precisely  define  the  extent  of  overlying 
land.  The  reaction  from  cities  and  the  mining  industry  ulti- 
mately led  to  the  state's  present  groundwater  code,  a  subject 
discussed  in  detail  in  section  4. 

3.3.     True  Sharing  Rules 

The  third  phase  of  groundwater  case  law  development  was 
the  adoption  of  rules  that  actually  proration  the  supply  in 
times  of  shortage  or,  at  a  minimum,  open  up  theories  of  liabili- 
ty for  injury  caused  by  pumping  beyond  those  recognized  by 
the  American  or  Reasonable  Use  rule.  The  phase  is  still  ongo- 
ing. 

California  led  the  way  in  1903  with  the  adoption  of  the 
correlative  rights  rule  [Katz  versus  Walkinshaw.,  1903].  This 
rule,  like  the  American  or  Reasonable  Use  rule,  divides  claim- 
ants between  overlying  and  nonoverlying  claimants,  but  it  also 
equitably  apportions  the  supply  among  overlying  owners. 
Overlying  owners  have  the  first  claim  to  the  water.  Subse- 
quent rights  are  entitled  to  equal  dignity  with  existing  rights, 
but  what  constitutes  overlying  use  has  never  been  clearly  de- 
fined [Tehachapi-Cummings  County  Water  District  versus 
Armstrong,  1975].  Some  cases  have  equated  it  with  use  of  land 
within  the  groundwater  basin  rather  than  the  parcel  of  land 
beneath  which  the  water  is  actually  pumped.  It  seems  clear, 
however,  that  municipalities  cannot  claim  overlying  rights  to 
supply  customers  within  the  basin  from  which  water  is 
pumped.  In  times  of  shortage  the  court  must  proration  the 
available  supply  among  overlying  users,  each  of  which  is  en- 
titled to  a  "fair  and  just  portion"  of  the  pool.  Any  surplus 
above  these  needs  is  available  for  appropriation  outside  the 
basin  provided  that  the  total  rate  of  extraction  does  not 
exceed  the  safe  yield  of  the  basin.  If  the  basin  is  in  overdraft 
and  the  supply  is  not  sufTiaent  to  satisfy  the  needs  of  overlyinp 
owners,  nonoverlying  rights  may  be  curtailed.  This  term  is  stil. 
being  defined  in  the  state.  The  correlative  rights  rule  is  an 
adaption  of  the  shanng  principles  of  riparian  surface  rights  to 
groundwater  [Kirkwood,  1948].  The  rule's  originator  summa- 
rized and  defended  his  rule  in  a  famous  law  review  article 
[S/jaw,  1922]: 

The  nghts  of  the  owners  difference  parcels  of  land  situated 
over  a  water  supply  of  that  character,  with  respect  to  each  other, 
and  with  respect  to  the  use  of  the  water  on  the  overlying  land, 
are  mutual  and  reciprocal.  They  are  regarded  as  persons  having 
different  interests  in  a  common  estate  in  such  waters.  Each  is 
entitled  only  to  a  reasonable  use  of  such  water  on  such  land  and 
may  take  no  more  than  his  reasonable  share  for  that  purpose. 
None  of  them  can  rightfully  take  the  water  and  export  it  from  the 
basin  for  use  on  lands  not  situated  over  the  common  waterbear- 
ing stratum,  if  such  taking  injures  the  owners  of  other  parcels  of 
the  overylying  lands.  In  short,  the  lawful  rights  of  the  several 
owners  of  such  lands  to  the  waters  therein  are  in  almost  all 
particulars  similar  to  the  mutual  and  reciprocal  nghts  of  the 
owners  of  npanan  land  among  the  course  of  an  ordinary  stream 
in  the  use  of  its  waters.  This  conclusion  was  considered  necessary 
to  the  full  development  and  use  of  the  natural  resources  of  the 
state  and  to  the  prospenty  and  general  welfare  of  its  people.  The 
geological  formation  of  the  land,  its  topographical  character- 
istics, and  the  andity  of  the  climate  produced  conditions  so  dif- 
ferent from  those  of  the  countnes  from  which  our  common  law 
rules  were  derived,  that  the  well-known  rule  that  the  ownership 
of  the  soil  in  fee  gave  absolute  title  to  all  beneath  the  surface, 
including  such  subterranean  water  supplies,  was  held  unsuitable 
to  our  conditions. 

California's  creative  rule  [Scheiber.  1984]  attracted  a  grea 
deal  of  national  attention  during  the  conservation  era  [Bruce, 
1909],  but  it  has  been  thought  largely  confined  to  the  state  of 
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its  origin.  Modern  water  law  scholars  have,  however,  insufTi- 
ciently  appreciated  the  doctrine's  impact  in  other  states.  This 
is  largely  because  a  discussion  of  the  rule  appears  as  dicta  in 
decisions  (usually  municipality  farmer  conflicts)  that  were  de- 
cided or  could  have  been  decided  under  the  American  or  rea- 
sonable use  rule.  Arkansas  [Jones  versus  Oz-Ark-Val  Poultry 
Company,  1957]  has  clearly  adopted  it  as  have  Nebraska 
[Olson  versus  City  of  Wahoo,  1933]  and  New  Jersey  [Meeker 
versus  City  of  East  Orange,  1909]. 

For  a  time  it  appeared  that  the  California  correlative  rights 
rule  might  be  adopted  by  the  Colorado  doctrine  appropri- 
ation states  [Hutchins,  1942].  The  Colorado  doctrine  states 
adopted  the  law  of  prior  appropriation  for  surface  waters  on 
the  theory  that  the  common  law  of  riparian  rights  was  never 
part  of  the  common  law  of  the  state  because  riparian  rights 
were  unsuited  to  the  arid  climate.  However,  these  states  were 
reluctant  to  apply  appropriation  to  groundwater  because 
groundwater  usage  was  so  minimal  when  the  law  of  prior 
appropriation  was  enshrined  [Martz,  1958].  Idaho  and  Utah 
flirted  with  correlative  rights  before  construing  their  statutes 
to  apply  to  groundwater.  Colorado  held  as  late  as  1963  that 
nontributary  groundwater  was  the  property  of  the  overlying 
landowner  [Whitten  versus  Coir,  1963].  In  the  intermountain 
west  as  well  as  in  Oregon  and  Washington  groundwater  is 
now  subject  to  appropriation  by  statute. 

As  the  western  states  began  to  appreciate  the  value  of 
groundwater,  statutes  were  passed  expressly  authorizing  its 
appropriation.  These  statutes  began  to  take  first  the  first  step 
toward  a  unified  surface  and  groundwater  law.  New  Mexico 
and  Oregon  passed  the  first  statutes  in  1929;  Utah  followed  in 
1935,  Nevada  in  1939,  Kansas  and  Washington  in  1945,  and 
Wyoming  in  1947,  Oklahoma  in  1949,  North  and  South 
Dakota  in  1955,  and  Montana  in  1961.  Colorado  waited  until 
1967  to  adopt  effective  groundwater  legislation  and  is  still 
struggling  with  the  regulation  of  groundwater.  The  largest 
groundwater  using  states  in  the  west,  Arizona,  California.  Ne- 
braska, and  Texas  refused  to  adopt  the  rule  of  prior  appropri- 
ation for  groundwater.  The  difference  may  be  more  than  one 
of  form  than  of  substance,  because  the  appropriation  states 
with  accute  shortages  have  often  adopted  a  system  that  is 
prior  appropriation  in  name  only.  Prior  appropriation  just 
does  not  work  for  problems  such  as  conjunctive  use,  pressure 
level  determination,  and  mining. 

A  few  eastern  states  moved  beyond  the  American  Reason- 
able Use  rule  by  adopting  the  basic  principles  of  the  correla- 
tive rights  rule,  sharing  among  overlymg  owners,  but  not  the 
formal  doctrine  and  all  of  its  consequences.  A  series  of  de- 
cisions have  adopted  riparian  surface  rules  for  ground  water 
conflicts  but  give  little  guidance  as  to  how  groundwater  rights 
will  be  defined.  The  first  case,  a  lower  court  Delaware  de- 
cision, entered  a  Solomonic  degree  to  resolve  a  contest  be- 
tween a  shallow  well  pumper  and  an  adjoining  landowner 
who  sunk  a  well  to  fill  his  swimming  pool  [MacArtor  versus 
Graylin  Crest  III  Swim  Club,  1963].  With  no  discussion  of 
prior  case  law,  the  court  balanced  the  equities  and  enjoined 
defendant  from  pumping  "on  the  condition  that  plaintiffs 
deepen  or  agree  to  permit  defendant  to  cause  their  well  to  be 
deepened  to  a  reasonable  depth  with  the  cost  to  be  equally 
divided."  Plaintiff  was  also  given  the  choice  of  hooking  up  to  a 
water  line.  If  plaintiff  rejected  both  options,  no  injunction 
would  ensue,  and  if  defendant  failed  to  pay  his  required  share 
of  deepening  costs,  a  permanent  injunction  would  ensue.  Ar- 
kansas also  applied  the  domestic  preference  of  nparian  rights 
to  prefer  a  domestic  to  commercial  user.  Missouri  applied 


riparian  rules  to  a  municipal-farmer  conflict  that  could  have 
been  decided  under  the  American  or  reasonable  use  rule 
[Higday  versus  Nickolaus,  1971].  The  farmers  claimed  injury 
from  a  municipal  well  field  in  an  area  where  "they  attributed 
the  fertility  of  the  soil  to  the  continuing  presence  of  a  high 
subterranean  water  table ..."  The  court  held  only  that  pla- 
intiff's had  a  property  right  to  the  reasonable  use  of  perco- 
lating waters  underlying  their  lands,  but  they  turned  over  to 
the  trial  judge  the  hard  question  of  the  relief  to  which  plain- 
tiffs would  be  entitled.  All  of  these  cases  raise,  but  do  not 
answer  the  question  in  groundwater  law:  are  right  holders 
entitled  to  static  pressure  levels  that  existed  before  the  defend- 
ant's pumping  or  must  they  suffer  some  decline  in  pressure 
levels  as  defendant  exercises  its  equal  or  correlative  rights? 
They  do  suggest  that  courts  may  be  applying  one  rule  between 
new  large  scale  and  older  smaller  pumpers  because  the  injuries 
to  the  prior  users  are  foreseeable  and  another  rule,  capture, 
among  similar-sized  pumpers. 

Texas  is  the  leading  groundwater  use  state  that  adheres 
steadfastly  to  the  absolute  ownership  rule,  but  even  there  the 
court  has  begun  to  temper  it.  The  state  recently  reaffirmed  the 
rule  but  suggested  that  injuries  caused  by  negligent  pumping 
may  be  actionable  [Smith-Southwest  Industries  versus  Friends- 
wood  Development  Company.  1981].  Allegations  that  a  large 
well  field  in  the  Galveston  Bay  area  caused  subsidence  on 
neighboring  lands,  spaced  the  wells  in  too  tight  a  pattern  and 
on  the  side  of  the  bay  that  would  concentrate  subsidence,  and 
pumped  at  a  high  rate  stated  a  cause  of  action  in  negligence. 

Eastern  states  have  taken  various  routes  to  adjust  the  law  of 
groundwater  to  changing  conditions.  Farmers  are  fairly  well 
protected  against  water  raids  by  municipalities  but  not  from 
new  uses  such  as  supplemental  irrigation,  which  is  rapidly 
increasing  in  the  eastern  half  of  the  country.  It  is  too  soon  to 
tell  if  states  must  impose  administered  groundwater  rights,  but 
there  is  an  immediate  need  to  provide  equity  to  small  pum- 
pers. Like  all  issues  in  groundwater,  this  is  a  hard  one  because 
it  is  hard  to  determine  what  is  fair  pumping  expectation. 
Courts  will  be  helped  by  the  Restatement  of  Torts  (Second) 
which  modifies  to  American  or  Reasonable  Use  Rule  to  pro- 
vide compensation  where  large-scale  pumping  on  overlying 
and  non-overlying  land  causes  injury.  Section  858  states 

(DA  proprietor  of  land  or  his  grantee  who  withdraws  ground 
water  from  the  land  and  uses  it  for  a  beneficial  purpose  is  not 
subject  to  liability  for  interference  with  the  use  of  water  by  an- 
other, unless; 

(a)  the  withdrawal  of  ground  water  unreasonably  causes  harm 
to  a  proprietor  of  neighboring  land  through  lowering  the  water 
table  or  reducing  artesian  pressure, 

(b)  the  withdrawal  of  ground  water  exceeds  the  proprietor's 
reasonable  share  of  the  annual  supply  or  total  store  of  ground 
water,  or 

(c)  the  withdrawal  of  the  groundwater  has  a  direct  and  sub- 
stantial effect  upon  a  watercourse  or  lake  and  unreasonably 
causes  harm  to  a  person  entitled  to  the  use  of  its  water. 

The  comments  explain  the  rationale  for  the  expansion  of  the 
common  law: 

The  reasonable  use  rule  in  its  original  form  met  this  problem  by 
imposing  liability  for  interference  with  neighbonng  wells  and 
springs  by  withdrawing  large  quantities  of  water  and  piping  it  to 
distant  places  for  municipal  and  mdustnal  use.  As  usually  staled, 
the  rule  gave  no  protection  against  identical  harm  caused  by  a 
large  mdustnal  plant  or  apartment  house  built  on  neighbonng 
overlying  land.  Recently  it  has  been  recognized,  however,  that  the 
salient  factor  is  not  the  place  of  the  use  but  the  withdrawal  of 
water  in  unprecedented  quantities  for  purposes  not  common  to 
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the  locality,  and  that  it  is  fair  and  just  to  place  the  cost  of 
improving  neighboring  facilities  upon  the  person  or  organization 
whose  withdrawals  render  them  inadequate,  even  though  the 
water  is  used  on  the  land  form  which  it  is  withdrawn.  In  brief, 
the  restatement  continues  the  common  law  of  capture  as  among 
similarly  situated  pumpers  but  tempers  capture  when  a  large 
pumper  injures  a  prior  small  one.  The  lessons  of  David  and 
Golith  remain  strong. 

Section  858  is  beginning  to  influence  the  decisions.  It  has 
been  adopted  in  Michigan,  [Maerz  versus  US.  Steel  Company, 
1982],  Ohio  [Cline  versus  American  Aggregates  Corporation, 
1984],  and  Wisconsin  \_State  versus  Michels  Pipeline  Company, 
1974],  Nebraska  has  been  influenced  by  it  [Prather  versus 
Eisenman,  1978],  and  only  Indiana  [Wiggins  versus  Brazil 
Coal  and  Clay  Company,  1983]  seems  to  have  rejected  Section 
858,  although  a  federal  district  court  in  the  state  recently  ren- 
dered a  decision  consistent  with  its  principles  [Prohosky  versus 
Prudential,  1984]. 

3.4.     Administrative  Management  in  the  East 

Eastern  states  are  just  beginning  to  confront  the  need  for 
groundwater  management.  Statuatory  regulation  of  ground- 
water use  is  generally  designed  only  to  empower  an  agency  to 
make  ad  hoc  apportionments  in  times  of  drought,  not  to  put 
permanent  ceilings  on  the  amount  of  water  than  can  be  ex- 
tracted from  a  basin.  Indiana  [Indiana  Code,  1983]  and  New 
Jersey  [New  Jersey  Statutes  Annotated,  1985]  have  long  had 
statutes  that  allow  the  state  to  designate  critical  areas  and  to 
cut  back  on  large-scale  pumpers,  and  an  Indiana  statute  that 
applies  to  a  small  area  was  recently  invoked  to  limit  the  with- 
drawals of  a  large  supplemental  irrigator.  Other  states  require 
withdrawal  permits  for  groundwater  but  have  had  little  man- 
agement experience;  Florida  is  an  exception.  The  state's  ge- 
ology forces  92%  of  its  residents  to  consume  groundwater 
from  its  extensive  aquifers.  The  aquifers  have  a  high  rate  of 
recharge,  but  overraptd  pumping  causes  salt  water  intrusion 
or  other  contamination.  In  response  to  the  these  problems,  the 
Florida  Water  Resources  Act  of  1972  [Florida  Statutes,  1985], 
based  on  a  model  code  drafted  by  the  late  Frank  J.  Maloney 
[Moloney  et  ai,  1972],  creates  a  permit  system  for  ground- 
water withdrawals  and  creates  districts  with  the  taxing  auth- 
ority to  engage  in  recharge  programs.  The  districts  must  set 
minimum  groundwater  levels  above  which  further  with- 
drawals would  be  significantly  harmful  to  the  water  resources 
of  the  area  and  may  issue  permits  for  reasonable  beneficial 
uses  [Maloney  et  ai,  1979].  In  an  important  decision  the  Flor- 
ida Supreme  Court  sustained  the  permit  authority  against  a 
constitutional  challenge  that  a  taking  of  property  had  occured 
because  regulation  was  necessary  to  protect  the  correlative 
rights  of  aquifer  users  [Village  of  Tequesta  versus  Jupiter  Inlet 
Corporation,  1980].  Permits  are  issued  by  multifactor  criteria, 
but  the  actual  practice  seems  to  be  an  informal  prior  appro- 
priation policy.  Some  districts  have  used  the  permit  to  impose 
conservation  conditions  on  the  use  of  water.  Permits  may  be 
suspended  on  an  emergency  basis.  Some  find  this  fair;  others 
correctly  conclude  that  the  suspjension  of  permit  rights  for 
unspecified  reasons  robs  the  permit  of  the  necessary  stability 
to  do  long-range  investment  planning  [Trelease,  1974].  Flori- 
da's water  management  program  is  breaking  new  ground  in 
the  coordination  of  water  supplies  and  land  development 
[Rea,  1983],  but  it  has  been  suggested  that  the  abihty  to  de- 
contaminate brackish  water  may  remove  water  management 
as  a  constraint  on  land  development  [Niegro,  1983]. 

Minnesota  has  the  most  extensive  regulation  of  agricultural 


groundwater  withdrawals  in  the  Midwestern  United  States. 
All  major  agricultural  withdrawals  require  a  state  permit.  The 
state  has  five  priorities  or  use  preferences.  Domestic  use  "ex- 
cluding industrial  and  commercial  uses  of  municipal  water 
supply"  is  first  and  agricultural  irrigation  in  excess  of  10,000 
gallons  (45.450  L)  per  day  is  third.  There  are  two  classes  of 
groundwater  permits.  Class  A  permits  are  for  areas  of  the  state 
where  adequate  groundwater  data  exists  and  class  B  permits 
are  for  all  other  areas.  Nonetheless,  extensive  geological  and 
hydrologic  information  including  a  pumping  test  must  accom- 
pany a  class  B  permit  application.  The  statute  speaks  of  irri- 
gation appropriations,  but  the  term  does  not  refer  precisely  to 
the  classic  doctrine  of  prior  appropriation  in  force  in  the  west- 
ern states  for  surface  waters.  The  statute  requires  all  well 
owners  to  construct  wells  in  accordance  with  a  state  code. 
Once  this  is  done  the  statute  protects  these  well  owners  from 
interference  from  subsequent  pumpers : 

The  commissioner  shall  issue  permits  for  irrigation  appropriation 
from  groundwater  only  where  he  determines  that  proposed  soil 
and  water  conservation  measures  are  adequate  based  on  rec- 
ommendations of  the  soil  and  water  conservation  districts  and 
that  water  supply  is  available  for  the  proposed  use  without  re- 
duang  water  levels  beyond  the  reach  of  vicinity  wells  constructed 
in  accordance  with  the  water  well  construction  code. 

There  is,  however,  no  attempt  to  allocate  supplies  in  times  of 
shortage  by  a  priorty  schedule.  Minnesota  has  done  what,  in 
effect,  many  western  states  have  done  to  allocate  groundwater. 
The  state  decides  which  pumpers  may  enter  a  basin  but  does 
not  attempt  to  allocate  further  supplies  among  the  pumpers 
once  the  basic  entry  decision  is  made.  To  date,  there  has  been 
a  limited  need  to  enforce  the  statute  because  of  the  state's 
location,  but  it  is  an  important  management  tool  to  have  in 
reserve. 

4.    Management  Through  Appropriation  and  Beyond 

This  section  analyizes  in  considerable  detail  the  manage- 
ment institutions  now  in  place  in  the  West.  What  emerges 
from  this  survey  is  that  the  western  states  have  kept  the  form 
but  not  the  substance  of  prior  appropriation  or  rejected  prior 
appropriation.  In  areas  where  the  resource  is  functionally  non- 
renewable such  as  central  Arizona,  the  Northern  High  Plains 
and  other  parts  of  the  Ogallala  formation  states  have  protec- 
ted existing  pumpers  by  severely  restricting  entry  into  basins 
in  overdraft  and  set  the  time  period  for  mining.  [Baker  versus 
Ore- 1  da  Foods,  Incorporated,  1973].  Pumpers  in  the  basin  are 
allowed  to  withdraw  equally  because  there  is  no  attempt  to 
enforce  prionties  inter  sese.  The  most  interesting  states  are 
those  with  statewide  management  and  considerable  attention 
is  given  to  Anzona,  Colorado,  and  New  Mexico.  Significant 
experiments  in  local  management  are  underway  in  Kansas. 
Nebraska,  and  Texas,  and  these  efforts  are  discussed.  For  dif- 
ferent reasons,  California  and  Oklahoma  defy  conventional 
classification  and  the  treatment  of  groundwater  in  these  states 
is  covered.  Other  western  states  have  groundwater  manage- 
ment problems,  but  because  conflicts  are  less  frequent,  these 
states  are  discussed  only  by  way  of  example. 

4.1.     Arizona 

In  1980,  with  the  stroke  of  Governor  Babitt's  pen,  Arizona 
abandoned  the  common  law  of  groundwater  supplemented  by 
a  weak  regulatory  scheme  designed  only  to  preserve  the  status 
quo  and  adopted  a  comprehensive  state-administered  regula- 
tory program.  The  program  is  not  only  designed  to  conserve 
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the  state's  groundwater  resources  by  limiting  extraction,  but 
to  shift  groundwater  from  agricultural  to  municipal  and  in- 
dustrial uses.  Arizona's  agriculture,  especially  cotton  pro- 
duction, has  long  been  economically  irrational  {^National  Acad- 
emy of  Sciences,  Water  and  Choice  in  the  Colorado  Basin, 
1968],  but  the  state  is  perhaps  the  first  to  adopt  a  statewide 
program  to  move  systematically  water  from  lower  to  higher 
value  uses.  The  decision  is  at  one  level  surprising  in  light  of 
the  state's  persistent  refusal  to  limit  its  massive  groundwater 
mining,  but  it  is  not  surprising  once  one  realizes  that  alter- 
native surface  supplies  are  controlled  by  the  federal  govern- 
ment who  must  finance  the  aqueduct  that  will  make  it  possible 
for  Arizona  to  enjoy  the  waters  of  the  Colorado  River  given  to 
it  by  Congress  and  confirmed  by  the  Supreme  Court.  This 
section  will  examine  (1)  the  law  of  groundwater  and  the  state's 
problems  prior  to  the  1980  legislation,  (2)  the  history  of  the 
legislation  which  it  is  instructive  to  other  states,  and  (3)  the 
use  restrictions  imposed  by  the  legislation  as  well  as  its  consti- 
tutionality. 

4.1.1.  The  Prior  Law:  a  gamble  on  a  federal  bailout.  In 
the  1970's,  the  state  used  4.8  MAF  of  groundwater  per  year 
compared  to  1  MAF  of  surface  water  ^Arizona  State  Water 
Commission,  1977].  The  rate  of  annual  recharge  amounts  to 
only  2.6  MAF,  leaving  an  annual  deficit  of  2.2  MAF.  The 
state's  first  water  code.  The  Howell  Code,  declared  surface  but 
not  subsurface  water  public  and  thus  subject  to  appropriation 
^Howard  versus  Perrin,  1904].  In  1904  the  state  supreme  court 
adopted  the  common-law  rule  that  groundwater  was  the  prop- 
erty of  the  overlying  owner  and  not  subject  to  appropriation 
[Howard  versus  Perrin,  1904].  Subsurface  spring  water  was 
classified  as  pecolating  in  1918  [_McKenzie  versus  Moore, 
1918].  In  1926  the  court  gave  some  indication  that  it  might 
subject  a  large  portion  of  the  state's  groundwater  to  appropri- 
ation by  formulating  a  definition  of  an  underground  stream 
which  was  broad  enough  to  cover  most  sources  of  ground- 
water [Pima  Farmers  versus  Proctor,  1926].  The  suit  involved 
major  land  owners  in  the  Santa  Cruz  River  basin,  who  agreed 
that  the  major  source  of  supply  was  an  underground  stream, 
although  the  area  was  over  1  mile  (1.609  km)  in  width  and  had 
no  discemable  channel  or  bank.  The  court  applied  the  doc- 
trine of  prior  appropriation.  However,  5  years  later  the  court 
affirmed  the  narrow  common-law  definition  of  an  under- 
ground stream  which  requires  a  stream  flowing  in  a  natural 
channel  between  well-defined  banks  [Maricopa  County  Munici- 
pal Water  Conservation  District  versus  Southwest  Cotton  Com- 
pany, 1931].  In  1952  the  State  Supreme  Court  attempted  its 
major  intervention  in  what  was  a  volatile  political  issue  by 
overruling  1904  decision  adopting  the  common  law  and  de- 
claring all  groundwater  subject  to  prior  appropriation  [Bristor 
versus  Cheatham,  1952].  (However,  the  doctrine  was  short- 
lived, for  on  rehearing  the  court  reversed  itself  and  readopted 
the  common-law  rule,  subject  only  to  the  reasonable  use 
modification.  [Bristor  versus  Cheatham,  1953].) 

In  1948  the  state  enacted  its  first  groundwater  code  for 
reasons  Justice  McFarland  later  explained  [Jarvis  versus  State 
Land  Development,  1969]: 

I  call  attention  to  the  Tact  that  what  was  known  was  [sic]  the 
Central  Anzona  Project  was  pending  in  the  United  States  Con- 
gress at  that  time.  The  Bureau  of  Reclamation  of  the  Department 
of  the  Interior  took  the  position  that  the  Arizona  Water  Users  in 
Central  Arizona  would  not  be  saved  by  the  Central  Anzona 
Project  from  the  disaster  which  would  result  from  water  shortage 
unless  there  was  an  underground  water  law  which  would  regu- 
late and  prevent  an  expansion  of  the  use  of  water;  that  otherwise 


new  land  would  be  put  into  cultivation  which  would  deplete  the 
water  supply  even  more  than  what  would  be  gained  by  the  im- 
portation of  water  from  the  Colorado  River. 

The  1948  Code  attempted  to  preserve  the  status  quo  by 
preventing  new  irrigated  land  from  being  put  into  production. 
The  Governor's  objective  was  to  buy  a  decade's  time.  He  bet, 
correctly  as  it  turned  out,  that  Arizona  would  prevail  on  its 
Colorado  River  claims  in  the  Supreme  Court  [Dunbar,  1977]. 
He  did  not,  however,  foresee  the  problems  that  would  arise  in 
getting  the  water  from  Yuma  to  Central  Arizona,  the  state's 
explosive  growth  region.  To  freeze  uses,  the  state  enacted  a 
critical  areas  program  which  limited  permitted  wells  to  lands 
irrigated  and  in  cultivation  within  5  years  prior  to  1948.  The 
statute  was  held  constitutional  against  an  equal  protection 
challenge,  but  a  series  of  court  decisions  allowed  considerable 
expansion.  As  the  state's  nonagricultural  population  contin- 
ued to  grow  expotentially,  pressure  continued  to  mount  for 
more  effective  limitations  on  pumping.  The  Supreme  Court's 
narrow  definition  of  overlying  land  in  the  Bettwy  case  dis- 
cussed earlier  "created  a  storm  of  protest  from  the  strong 
Anzona  mining  lobby,"  heightened  the  fears  of  cities  such  as 
Tucson  that  they  could  not  obtain  adequate  supplies  and  ulti- 
mately led  to  the  formation  of  a  Groundwater  Management 
Commission  in  1977  [Kyi,  1982].  Cities  and  the  mining  indus- 
try forged  a  strong  coalition  that  has  permanently  shifted 
power  from  agricultural  to  urban  users.  The  study  commission 
put  together  the  management  concepts  embodied  in  the  sta- 
tute and  beat  back  a  plan,  much  like  Lincoln's  plan  to  deal 
with  the  newly  freed  slaves,  to  buy  out  agricultural  lands. 

4.1.2.  Legislative  history.  The  need  for  legislation  became 
urgent  after  the  then  Secretary  of  the  Interior,  Cecil  Andrus, 
announced  a  simple  federal  position  on  the  issue  in  October  of 
1979:  no  groundwater  legislation,  no  Central  Arizona  Project 
(CAP).  The  Carter  Administration  came  into  office  determined 
to  apply  a  decade  plus  long  criticism  of  the  cost-benefit  analy- 
sis process  used  to  justify  water  resources  projects.  A  "hit  list" 
was  compiled  that  permanently  alienated  the  Administration 
from  the  west,  but  Secretary  Andrus's  ultimatum  to  Arizona, 
coupled  with  a  removal  of  the  CAP  from  the  hit  list,  is  an 
example  of  effective  federal  leverage  over  state  water  law.  Se- 
cretary Andrus's  position  spurred  the  creation  of  a  negotiating 
group,  chaired  by  Governor  Babbitt,  which  was  composed  of 
the  major  water  interests.  After  6  months  of  private  meetings, 
an  agreement  was  obtained.  The  most  important  decision  that 
the  group  took  was  to  support  statewide  rather  than  local 
management.  This  was  done  because  [Connell,  1982] 

The  negotiators  thought  that  by  making  the  director  a  politi- 
cal appointee,  at  least  some  recourse  against  him  would  be  avail- 
able. The  Governor  realized  that  some  vagueness  in  the  stan- 
dards and  a  powerful  director  were  necessary  for  the  Act  to  be 
completed.  As  part  of  his  strategy  to  reach  a  consensus,  he  fre- 
quently deferred  consideration  of  difficult  issues  or  suggested  that 
their  resolution  be  delegated  to  the  director.  This  strategy 
worked  in  part  because  of  the  intense  pressure  on  the  group  to 
reach  agreement. 


4.1.3.  The  Groundwater  Act.  The  Groundwater  Act  was 
created  to  provide  a  foundation  for  groundwater  conservation 
and  use  conversion. 

Management  authority:  For  the  reasons  previously  ex- 
plained, groundwater  management  is  exercised  at  the  state 
level  [Arizona  Revised  Statues,  1983].  A  new  Department  of 
Water  Resources  was  created  to  administer  the  Act.  The  Act 
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retains  the  prior  concept  of  groundwater  basins,  and  the  entire 
state  is  divided  into  basins  and  subbasins.  The  major  inno- 
vation however,  is  in  a  new  concept,  active  management  areas. 

Geographical  scope  of  management  and  basic  concepts :  The 
Act  creates  four  active  management  areas  (AMA's):  Phoenix, 
Pimaal,  Prescott,  and  Pinal  and  Tucson.  These  four  areas 
contain  80%  of  the  state's  population  and  69%  of  the  irri- 
gated acreage  in  overdraft.  New  areas  may  be  created  to  con- 
serve existing  supplies,  prevent  subsidence,  or  to  protect  the 
water  quality  of  an  area  either  by  the  Director  of  the  Depart- 
ment of  Water  Resources  or  by  voter  petition.  A  state  appoin- 
ted area  director  manages  these  areas  assisted  by  a  ground- 
water users  advisory  council. 

The  management  goals  for  the  four  active  management 
areas  are  revolutionary  for  the  state  and  for  much  of  the  West. 
For  the  three  cities  the  goal  is  no  less  than  "safe  yield"  by 
January  1,  2025.  For  the  Pimal  area  the  goal  is  a  modified 
preservation  of  the  status  quo: 

The  management  goal  of  the  Pimal  active  management  area  is 
to  allow  development  of  non-irngation  uses  as  provided  m  this 
chapter  and  to  preserve  existing  agricultural  economies  in  the 
active  management  area  for  as  long  as  feasible,  consistent  with 
the  necessity  to  preserve  future  water  supplies  for  non-irrigation 
uses. 

Safe  annual  yield  is  defined  conservatively  as  a  groundwater 
management  goal  which  attempts  to  achieve  and  thereafter 
maintain  a  long-term  balance  between  the  annual  amount  of 
groundwater  withdrawn  in  an  active  management  area  and 
the  annual  amount  of  natural  and  artificial  groundwater  re- 
charge in  the  active  management  area.  The  kind  of  optimal 
yield  conjunctive  operation  policies  practiced  in  California 
could  not  be  applied  in  Arizona  where  groundwater  accounts 
must  balance  every  year.  Only  in  the  Pinal  area  does  the  Act 
have  an  optimal  yield  policy  that  permits  yearly  overdrafts  to 
be  carried  over. 

These  goals  are  to  be  implemented  by  a  five-tiered  manage- 
ment planning  process  over  a  45-year  period.  From  1980  to 
1990,  water  duties  for  the  conservation  of  water  must  be  calcu- 
lated to  determine  the  quantity  of  water  reasonably  required 
to  irrigate  crops  historically  grown  on  pre- 1975  acreage. 
Water  duty  represents  a  conservation  standard  that  is  a  com- 
promise between  proration  reduction  schedule  and  compen- 
sated land  retirement  \_Hidgon  and  Thompson,  1980].  The 
theory  is  that  the  farmers  are  entitled  to  a  gradual  phase  in  of 
conservation  practices.  For  example,  the  1990-2000  plan  must 
establish  duties  that  reflect  "prudent  long-term  farm  manage- 
ment practices  within,  areas  of  similar  farming  conditions,  con- 
sidering the  time  required  to  amortize  conservation  invest- 
ments and  farming  costs." 

Outside  of  the  AMA's;  the  state  is  divided  into  two  other 
areas.  The  1980"s  carries  forward  the  1948  Groundwater  Code 
concept  of  irrigated  nonexpansion  areas.  Two  are  designated 
in  the  Act  and  others  may  be  created  upon  Director  or  voter 
petition.  Groundwater  use  in  the  rest  of  the  state  is  governed 
by  the  Arizona  law  of  reasonable  use. 

Use  of  groundwater  and  vested  rights:  The  revolutionary 
step  of  the  1980  Act  is  to  make  almost  all  groundwater  use  in 
an  AMA  dependent  upon  a  statutory  category  or  a  state 
permit  except  for  exempt  small  capacity  wells  and  decreed 
appropnative  rights.-  Basically,  the  Act  regulates  the  state's 
three  major  uses,  agriculture,  municipal,  and  industrial  sepa- 
rately. There  are  three  classes  of  grandfathered  irrigated  rights, 
municipal,  industrial,  and  agricultural.  To  prevent  great  dis- 


ruption of  existing  use  patterns,  agricultural  uses  are  given 
vested  rights  status  but  conversions  and  transfers  arc  regula- 
ted. 

Municipal  use  is  limited  to  the  service  area  of  the  entity 
which  is  defined  as  the  area  actually  being  served  by  the  entity 
in  1980  or  an  area  served  as  the  result  of  an  expanded  distri- 
bution system.  The  liberal  definition  of  service  area  was  con- 
troversial during  the  1979-1980  negotiations  because  of  fears 
that  unlimited  municipal  expansion  would  dry  up  aquifers  and 
lower  land  values  and  because  it  had  been  agreed  that  an 
irrigated  grandfather  right  may  only  be  conveyed  for  another 
irrigation  use.  Cities  insisted  on  this  to  prevent  double  dipping 
which  would  allow  a  farmer  to  sell  the  water  right  to  one 
party  and  the  land  to  another  They  feared  that  the  owner  of 
the  land  would  then  use  it  for  nonirrigation  use  of  the  land 
and  the  landowner  would  develop  the  property  and  demand 
water  service  from  the  city.  Agricultural  interests  did  impose 
three  restrictions  on  service  area  expansion.  An  entity  may  not 
expand  to  (1)  include  a  well  field  in  the  service  area,  (2)  to 
service  "disproportionately  large  amounts  of  water  to  an  in- 
dustrial or  other  large  user  unless  the  expansion  is  consistent 
with  the  AMA  plan,  and  (3)  for  gerrymandering  purposes. 
These  are  defined  as  including  irrigated  acres  with  the  service 
area  to  extinguish  the  right  to  convey  grandfathered  nghts  to 
a  nonirrigation  use  and  for  the  purpose  of  withdrawing 
groundwater  for  irrigation  purposes.  The  major  limitation  of 
municipal  uses  will  probably  be  the  conservation  measures 
required  in  the  10-year  AMA  plans. 

Industry,  especially  the  mining  industry,  secured  a  reversal 
of  the  supreme  court's  Bettwy  decision  that  virtually  prohibi- 
ted mining.  Six  classes  of  permits  are  authorized:  (1)  dewater- 
ing  permits,  (2)  mineral  extraction  and  metallurgical  pro- 
cessing permits.  (3)  general  industrial  use  permits.  (4)  poor 
quality  groundwater  permits,  and  (5)  temporary  permits. 
Groundwater  that  is  withdrawn  pursuant  to  a  permit  may  be 
transferred  "without  payment  of  damages"  within  a  subbasin 
of  an  active  management  area,  and  if  industry  purchases  an 
irrigation  grandfathered  right,  it  may  be  transported  outside 
of  AMA  subject  to  limitations. 

To  soften  the  impact  of  the  statute,  the  legislature  created 
three  classes  of  "grandfathered  rights."  Type  I  rights  benefit 
land  developers.  A  Type  I  right  is  available  to  a  landowner  in 
an  initial  AMA  who  retired  the  land  between  1965  and  the 
creation  of  the  AMA.  who  retained  ownership  of  the  land 
since  it  was  retired  and  can  show  that  a  development  plan  for 
a  nonirrigation  use  existed  at  the  time  of  retirement.  The  land- 
owner may  withdraw  or  receive  for  the  land  three  acre  feet  per 
year.  Similar  rights  are  available  for  subsequent  AMA's.  These 
rights  are  appurtenant  to  the  land  retired  but  may  be  leased 
with  the  land.  Type  II  rights  benefits  cities  and  private  water 
companies.  Type  II  rights  are  available  to  entities  in  an  AMA 
who  were  legally  withdrawing  water  at  the  date  of  the  desig- 
nation of  the  AMA.  The  amount  of  the  right  is  either  the 
greater  of  the  amount  granted  in  a  certificate  of  exemption 
and  the  maximum  amount  withdrawn  in  anyone  year  within  5 
years  preceeding  the  designation  of  the  AMA  or  the  maximum 
amount  withdrawn  in  any  one  of  the  five  preceeding  years  less 
any  type  I  water.  Type  II  rights  are  appurtenent.  Appurtcncy 
under  the  Groundwater  Code  does  not  mean  that  right  may^^^ 
not  be  transferred  off  the  land.  With  some  restrictions,  type  11^^ 
rights  may  be  conveyed  and  transferred.  Rights  may  be  trans- 
ferred with  a  subbasin  without  payment  of  damages  and  be- 
tween subbasins  subject  to  the  payment  of  damages.  The  rules 
for  the  protection  of  those  injured  by  transfers  are  weaker 
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than  the  rules  of  many  states  to  protect  junior  appropriators 
injured  by  a  change  in  the  point  of  diversion  of  transfer.  These 
states  often  put  the  burden  on  the  transferor  to  show  that  no 
junior  rights  will  be  impaired.  Under  the  Code  neither  injury 
nor  impairment  is  presumed.  "To  succeed.  plaintifT  must  now 
demonstrate  the  occurancc  of  individual  harm;  for  example, 
dry  wells,  increased  pumping  costs..."  [Doyle,  1983].  Irri- 
gators of  nonretired  lands  in  AMA's  are  protected  by  an  ad- 
ministratively determined  supply.  Irrigators  are  entitled  to  an 
administratively  determined  amount  of  water  calculated  by 
the  size  of  the  farm  unit  and  the  duty  of  water  which  is  the 
highest  number  legally  irrigated  acres  during  1  year  for  5  years 
prior  to  1980. 

The  Code  contains  strong  management  tools  that  illustrate 
the  close  connection  between  water  and  land  use  controls. 
Subdivided  lands  within  an  AMA  may  be  sold  only  after  the 
developer  has  demonstrated  that  there  is  sufficient  water  to 
satisfy  the  needs  in  the  subdivision  for  the  next  100  years.  A 
subdivider  must  also  show  that  the  projected  water  use  is 
consistent  with  the  management  plans  for  the  AMA,  which 
have  been  established  by  the  Director  of  the  Department  of 
Water.  The  assurance  of  a  supply  of  water  need  be  demon- 
strated despite  the  fact  that  the  subdivision  will  be  served  by  a 
water  company,  although  if  the  subdivision  is  to  receive  Cen- 
tral Arizona  Project  water,  the  director  may  deem  the  water 
assurance  requirement  met. 

Whenever  a  state  switches  from  the  common  law  to  prior 
appropriation  or  a  new  management  system,  the  constitution- 
ality of  the  switch  is  questioned.  All  states  that  have  adopted  a 
new  system  of  water  law  have  preserved  rights  based  on  water 
applied  to  a  beneficial  use  at  the  time  of  the  change,  but  of 
necessity,  unexercised  rights  have  not  been  protected.  The 
argument  is  that  the  change  from  the  common  law  is  a  taking 
of  property  without  due  process  of  law.  Many  cases  have  been 
able  to  avoid  the  issue  because  no  actual  injury  has  been 
caused  by  the  change.  AH  that  the  legislature  has  done  is  to 
force  a  water  user  to  trade  one  form  of  right  for  another.  Thus 
unexercised  rights  are  curtailed  not  merely  exchanged.  Ari- 
zona's act  presented  more  difficult  problems  because  the  Act, 
although  preserving  grandfathered  rights,  makes  it  difiicult  to 
initiate  new  uses  in  AMA's.  One  state  [Town  of  China  Valley 
versus  City  of  Prescott,  1982]  and  one  federal  district  court 
opinion  [Cherry  versus  Steiner,  1983]  upheld  the  Act  as  con- 
stitutional. The  first  held  that  the  legislature  could  allow 
transfers  within  the  same  subbasin  because  a  landowner  had 
no  property  right  to  groundwater  beneath  his  land  until  he 
captured  it.  The  second  case  was  harder  because  landowners 
within  an  active  AMA  were  precluded  from  initating  a  new 
use.  The  federal  district  court  followed  the  state  court  and 
held  that  there  was  not  taking  because  there  had  been  no 
capture  prior  to  1980.  In  general,  groundwater  regulation  is  a 
comparatively  easy  case  because  the  expectations  of  pumpers 
of  an  unlimited  right  to  use  have  never  been  terribly  firm 
because  of  physical  reasons  and  the  law  of  capture  and  be- 
cause regulation  is  necessary  to  prevent  harm  to  other  correla- 
tive rights  holders  [Kelly,  1983]. 

4.2.     California 

California  is  classed  as  a  state  without  statewide  manage- 
ment of  groundwater,  but  this  is  true  only  in  the  formal  sense. 
There  is  a  great  deal  of  creative  groundwater  management  in 
California  that  has  occured  because  of  a  unique  partnership 
between  the  courts  and  major  pumpers  in  Southern  California 
and  because  of  water  district  policies  in  the  San  Joaqum 


Valley.  This  partnership  is  a  case  study  in  the  integration  of 
groundwater  use  with  imported  water  and  of  the  conjunctive 
use  of  groundwater  basins. 

California,  as  was  previously  discussed,  followed  the  cor- 
relative rights  rule  until  1949  when  the  Supreme  Court  devised 
a  creative  legal  solution  to  groundwater  overdrafts  in  South- 
em  California  that  lasted  until  1975  and  induced  cities  to 
supplement  groundwater  supplies  with  Colorado  River  water. 
In  1937  Pasadena  brought  an  adjudication  against  a  number 
of  cities  pumping  from  the  overdrafted  Raymond  Basin.  All 
pumpers  were  nonoverlying  appropriators,  and  had  the  court 
followed  the  doctrine  of  correlative  rights,  each  appropriator 
would  have  been  cut  back  in  inverse  order  until  the  overdraft 
was  ended.  The  trial  court  instead  held  that  each  pumper  was 
mutually  acquiring  prescriptive  rights  against  the  others  so 
each  had  to  reduce  only  on  a  proration  basis.  All  but  one 
pumper  agreed  that  each  would  be  entitled  to  the  highest 
amount  of  water  pumped  over  a  5-year  continuous  period 
with  rights  adjusted  "by  actual  withdrawals  less  the  propor- 
tion this  use  bears  to  the  total  reduction  required"  [Pasadena 
versus  Alhambra,  1949].  Although  the  court  did  not  mention 
the  agreement,  it  was  undoubtedly  a  factor  in  the  decision  for 
it  would  have  been  unfair  to  the  parties  to  force  some  of  them 
out.  At  first,  mutual  prescription  created  a  race  to  mine,  but  it 
eventually  set  the  stage,  especially  as  basins  closer  to  the  Pa- 
cific Ocean  began  to  experience  salt  water  intrusion,  for  coop- 
erative arrangements  to  restrict  groundwater  usage  and  buy 
imported  Colorado  River  water  that  the  Metropolitan  Water 
District  had  but  could  not  sell. 

The  legislature's  role  has  been  limited  to  supporting  local 
initiatives.  [Schneider,  1977].  Legislation  was  passed  in  1951 
to  give  those  who  had  be"en  using  imported  water  a  credit  for 
the  groundwater  withdrawals  which  could  be  used  in  subse- 
quent adjudications  and  settlements.  Within  the  framework  of 
the  doctrine  of  mutual  prescription  and  its  legislative  support, 
large  pumpers  in  Southern  California  achieved  a  high  degree 
of  conjunctive  management  using  imported  Colorado  River 
water  [Reis.  1965].  Mutual  prescription  has  been  adapted  to 
basins  where  there  is  substantial  recharge  to  add  to  salt  water 
intrusion.  A  settlement  in  the  Central  and  West  basins  limited 
pumping  to  the  artificial  safe  yield  which  was  defined  as  the 
natural  safe  yield  plus  the  amount  of  water  that  could  be 
effectively  spread  within  the  basin.  Another  widely  reported 
trial  court  decision  held  that  the  prescriptive  period  for 
mutual  prescription  began  to  run  when  salt  water  intrusion 
threatened  the  quality  of  the  basin  [Moore  and  Snyder,  1969]. 

Management  of  groundwater  along  the  coast  was  made 
possible  because  first,  the  West  Basin,  located  on  the  Pacific 
Ocean,  instituted  litigation  and  then  the  Central  Basin,  lo- 
cated adjacent  to  the  West  and  in  effect  upstream,  followed 
suit.  The  West  Basin  litigation  in  Los  Angeles  has  produced 
the  most  sophisticated  institutional  responses  to  salt  water 
intrusion,  but  after  16  years  of  litigation,  reportedly  costing  $5 
million,  resulting  in  reductions  on  pumping,  salt  water  intru- 
sion still  continued  to  be  a  problem  in  the  Basin.  As  a  result  of 
the  Act,  the  Central  and  West  Basin  Replenishment  District 
was  formed  in  1959  after  lengthy  negotiations  with  the  state 
and  with  the  major  water  service  organizations  in  the  Los 
Angeles  area  (E.  Ostrom.  unpublished  manuscript.  1968). 

Under  the  replenishment  district  enabling  legislation,  a  dis- 
trict may  determine  the  amount  of  annual  overdraft  and  assess 
pumpers  for  the  costs  of  purchasing  imported  water.  If  the 
basin  has  been  adjudicated,  assessments  may  be  levied  only 
against  those  who  extract  in  excess  of  their  declared  rights. 
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The  district  may  also  levy  and  valorem  taxes  not  in  excess  of 
$0.20/$  100.00  of  $0.20/$  100.00  of  assessed  valuation.  Basically, 
the  District  agreed  that  pumping  levies  rather  than  ad  valo- 
rem taxes  would  be  used  to  purchase  replenishment  water 
from  Metropolitan  Water  District;  the  imported  water  would 
be  spread  to  recharge  the  basin  and  prevent  salt  water  intru- 
sion by  the  Los  Angeles  County  Flood  Control  District.  The 
Central  Basin  delayed  adjudication,  since  it  was  able  to  benefit 
from  the  West  Basin's  pumping  reductions  and  spreading  op- 
erations. However,  to  continue  the  spreading  operations  under 
the  West  and  Central  Basin  Replenishment  District,  it  was 
necessary  to  fix  withdrawal  rights  in  order  to  levy  the  pump- 
ing tax  [Reis,  1967].  In  contrast.  Orange  County  has  avoided 
adjudicating  groundwater  rights  by  a  five-tier  system  of  taxes 
and  charges  to  pay  for  spreading  Colorado  River  replenish- 
ment water. 

California's  unique  mutual  prescription  doctrine  rested  on  a 
dubious  legal  foundation,  and  in  1975  the  California  Supreme 
Court  refused  to  follow  Pasadena  and  began  a  new  era  of 
judicial  equitable  apportionment.  California  law  prevents  the 
acquisition  of  prescriptive  rights  against  cities,  but  Pasadena 
did  not  consider  this  statutory  prohibition.  The  prohibition 
was  eventually  applied  m  favor  of  the  City  of  Los  Angeles  in 
its  20-year  struggle  against  upstream  communities  to  control 
the  natural  flow,  mainly  subsurface,  of  the  Los  Angeles  River 
as  well  return  subsurface  flows  from  imported  Owens  Valley 
water.  A  trial  court  decision  that  gave  all  cities  pro  rata  rights 
of  equal  priority  to  native  and  imported  water  was  reversed  in 
a  major  case  [Cif>'  of  Los  Angeles  versus  City  of  San  Fernando, 
1975]  which  held  (1)  that  Los  Angeles,  as  successor  to  the 
Spanish  and  Mexican  pueblo  of  Los  Angeles,  has  pueblo 
rights  which  give  it  a  preference  to  the  natural  groundwaters 
of  the  river;  (2)  Los  Angeles  had  a  right  to  recapture  imported 
waters  including  return  flows  "equal  to  the  net  amount  by 
which  the  reservoir  is  augmented  by  such  deliveries";  and  (3) 
the  doctrine  of  mutual  prescription  would  not  be  applied  in 
the  case.  The  city  need  not  show  a  specific  intent  to  recapture 
or  be  able  to  physically  trace  the  waters.  California  law  was 
relatively  well  settled  on  the  first  two  issues,  but  the  third 
holding  reversed  the  court's  great  experiment  with  court- 
induced  reduction  agreements  and  merits  more  extended 
analysis. 

The  court  criticized  mutual  prescription  for  not  taking  all 
relevant  equitable  factors  into  account  as  well  as  for  stimu- 
lating a  race  to  pump.  Pasadena  was  also  distinguished  be- 
cause in  that  case  the  overdraft  was  substantial  from  the  time 
that  defendants  first  stated  pumping.  In  contrast,  in  the  Los 
Angeles  case  mutual  prescription  was  not  necessary  to  prevent 
some  users  from  being  completely  eliminated  if  the  doctrine  of 
prior  appropriation  were  applied.  The  statutory  immunity 
against  municipal  prescriptive  rights  contained  in  California 
Law  was  applied  to  water,  but  this  immunity  does  not  work  in 
reverse.  The  court  recognized  the  possibility  that  cities  could 
obtain  prescriptive  rights  against  both  overlying  owners  and 
appropriators  who  had  notice  that  the  basin  was  in  overdraft 
for  5  consecutive  years : 

Plaintiff's  pueblo  right  and  the  respective  imported  water 
rights  of  plaintiff  and  each  defendant  aty  are  mutually  exclusive 
and  of  equal  priority.  All  such  rights  are  prior  to  rights  depen- 
dent on  ownership  of  overlying  land  or  based  solely  upon  appro- 
priation of  ground  water  from  the  basin.  Therefore,  all  the  rights 
of  the  private  defendants  are  subordinate  to  the  foregoing  rights 
of  the  plaintiff  and  the  defendant  cities  and  all  rights  of  the 
defendant  cities  other  than  their  imported  water  rights  arc  subor- 
dinate to  the  foregoing  rights  of  plaintiff. 


On  remand,  the  basins's  safe  yield  should  be  apportioned  be- 
tween amounts  attributable  to  (1)  native  waters  produced  by 
recipitation  within  the  ULARA  and  (2)  water  imported  form 
outside  the  ULARA.  The  latter  amount  should  in  turn  be  appor- 
tioned among  the  respective  quantities  derived  from  imports  by 
plaintiff,  defendant  Glendale  and  defendant  Burbank.  Plaintiff 
should  be  awarded  an  unadjusted  pumping  right  to  the  portion 
of  the  safe  pumping  right  to  the  portion  of  the  safe  yield  derived 
from  native  waters  and  from  its  own  imports,  and  defendants 
Glendale  and  Burbank  should  each  be  awarded  an  unadjusted 
pumping  right  to  the  portion  of  the  safe  yield  attributable  to  its 
own  imports 

Conjunctive  use  stimulated  by  basin-wide  adjudications  has 
not  occured  in  California's  other  major  area  of  groundwater 
overdraft,  the  Southern  San  Joaquin  Valley,  but  significant 
conjunctive  use  but  not  sufficient  management  has  occured  in 
this  part  of  the  state.  Direct  limitations  on  groundwater 
pumping  have  been  strongly  resisted  by  Southern  San  Joaquin 
water  users  but  surface  supplies  from  federal  reservoirs  and 
the  state  water  project  have  been  allocated  to  influence  in- 
directly, and  at  a  very  uneven  rate  of  success,  the  rate  of 
groundwater  useage.  A  major  study  of  groundwater  manage- 
ment in  the  Southern  San  Jaoquin  found  [^Andrews  and  Fair- 
fax, 1984] 

' '  private  and  local  district  groundwater  decisionmaking  are 
closely  linked  with  surface  water  availability  and  allocation.  Sur- 
face water  quantity,  quality,  availability,  and  price  are  the  most 
important  variable  in  the  local  groundwater  equation  They  de- 
termine pumping  rates  and  provide  the  major  impetus  for  under- 
taking management  programs.  Groundwater  management,  there- 
fore, is  not  direct  control  over  pumping  control;  rather,  it  in- 
volves the  conjunctive  use,  both  planned  and  unplanned,  of  sur- 
face water  and  groundwater  supplies. 

4.3.     Colorado  and  New  Mexico 

These  two  states  have  developed  the  most  advanced  agricul- 
tural groundwater  management  institutions  in  the  West  and  a 
study  of  the  resulting  legal  institutions  demonstrates  that 
groundwater  basin  management  requires  more  than  the  estab- 
lishment of  the  ground  rules  for  the  acquisition  of  rights.  If  the 
basin  is  nonreplenishing  one,  the  choice  between  safe-yield 
and  mining  withdrawals  must  be  made.  The  issue  among 
rights  holders  is  usually  not  whether  sufficient  supplies  are 
available  but  how  the  costs  of  drilling  deeper  wells  will  be 
shared  between  earlier  and  later  pumpers.  Finally,  ground- 
water withdrawals  must  be  coordinated  with  surface  rights. 

New  Mexico  was  the  first  state  to  apply  prior  appropriation 
to  groundwater  and  thus  to  take  to  the  first  step  toward  man- 
agement by  limiting  withdrawals.  In  1890  a  large  artestian 
aquifer  was  discovered  in  Pecos  Valley  around  Roswell.  Farm- 
ers immediately  drilled  wells  and  let  them  run  day  and  night. 
Just  as  the  flaring  of  natural  gas  in  the  early  oil  fields  led  to 
pressures  for  conservation  legislation,  uncapped  artesian  wells 
led  to  legislation  to  prevent  waste.  After  the  Wichita  Federal 
Land  Bank  indicated  that  they  would  not  loan  in  the  Valley 
because  of  waste,  civic  leaders  in  Roswell  came  to  the  con- 
clusion that  the  doctrine  of  prior  appropriation  should  be 
applied  to  limit  pumping  IDunbar,  1983].  Legislation  was 
passed  in  1927,  to  allow  the  State  Engineer  to  designate  basins 
within  the  state  that  would  be  subject  to  appropriation.  After 
the  Supreme  Court  declared  the  legislation  unconstitutional' 
because  of  technical  defects  in  its  passage,  similar  legislation 
was  enacted  in  1931.  Landowners  argued  that  the  legislation 
was  as  unconstitutional  taking  of  private  property  without 
due  process  of  law,  but  the  Supreme  Court  twice  upheld  the 
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switch  because  the  Desert  Land  Land  Act  of  1877  had  recog- 
nized prior  appropriation  for  both  surface  and  groundwaters 
in  the  state  [Yeo  versus  Tweedy,  1928]. 

New  Mexico  has  had  a  long  and  strong  management  tradi- 
tion. Its  state  engineers,  especially  S.  E.  Reynolds,  have  used 
their  powers  broadly  to  balance  widespread  access  with  con- 
servation of  the  resource:  basin-wide  adjunciations  have  been 
instituted  to  define  the  duty  of  water,  surface  rights  have  been 
coordinated  with  groundwater  rights,  and  mining  has  been 
allowed.  The  end  result  is  a  system  that  is  prior  appropriation 
in  form  only  and  emphasizes  the  use  of  physical  solutions  to 
problems,  this  is  illustrated  by  the  coordination  of  ground  and 
surface  rights.  Coordination  of  surface  and  groundwater  rights 
started  when  surface  holders  in  the  Roswell  area  avoided  pri- 
ority fights  by  drilling  wells.  The  issue  came  to  the  court  after 
the  State  Engineer  denied  a  change  of  diversion  application 
from  a  surface  point  to  a  well.  Because  the  surface  stream  was 
intermittent,  the  surface  appropriation  was  always  in  effect  an 
appropriation  of  the  Valley  fill.  The  court  held  that  a  prior 
appropriator  had  the  right  to  follow  a  surface  stream  to  its 
subsurface  sources  and  satisfy  his  prior  right  regardless  of  the 
effect  on  well  drillers  [TempleWn  versus  Pecos  Valley  Artesian 
Conservancy  District,  1958].  The  state  Engineer  subsequently 
used  this  doctrine  to  deny  the  City  of  Albuquerque  the  right 
to  sink  wells  in  the  underground  basin  that  was  part  of  the 
base  flow  of  the  Rio  Grande  River  unless  the  city  retired  its 
existing  surface  rights  to  offset  the  effect  of  new  groundwater 
pumping  on  the  flow  of  the  river  [City  of  Albuquerque  versus 
Reynolds,  1963].  The  Rio  Grande  Underground  Water  Basin 
had  been  created  to  protect  Texas'  compact  share  of  this  inter- 
state stream,  and  the  State  Engineer's  exercise  of  his  authority 
to  protect  the  base  flow  of  the  river  was  upheld  in  the  face 
arguments  that  the  groundwater  appropriation  statute  re- 
quired that  permits  be  issued  if  unappropriated  water  existed 
in  the  basin  and  that  the  State  Engineer  lacked  the  power  to 
protect  existing  surface  rights.  The  Rio  Grande  protection  de- 
cision is  especially  important  and  farreaching  because  it  sus- 
tained the  power  of  an  administrative  official  to  use  a  long 
time  horizon  in  measuring  the  impact  of  groundwater  pump- 
ing on  surface  flows  [Flint,  1968]. 

Since  1969,  Colorado  has  embarked  on  an  ambitious  pro- 
gram of  regulating  groundwater  pumping  and  integrating 
ground  and  surface  rights.  Unlike  New  Mexico,  regulation  in 
Colorado  does  not  derive  from  a  long  and  strong  tradition  of 
regulation  and  adjudication  of  water  rights  by  an  adminis- 
trative agency.  Colorado  has  had  to  engraft  new  forms  of 
administrative  regulation  onto  its  traditional  reliance  on  water 
courts  to  adjudicate  water  rights  disputes.  Thus  Colorado  has 
produced  rather  different  kinds  of  legislation  and  judicial  pre- 
cedents from  New  Mexico. 

Prior  to  1965  groundwater  pumping  was  virtually  unregula- 
ted in  Colorado.  Although  the  state,  in  contradistinction  to 
other  western  states,  consistently  held  that  all  groundwater 
was  presumed  tributary  to  a  natural  stream,  in  practice,  little 
tributary  groundwater  was  made  subject  to  appropriation  de- 
grees. In  1963  the  Supreme  Court  refused  to  adjudicate  pri- 
orities among  nontributary  groundwater  pumpers,  so  deep 
aquifers,  as  well  as  nontributary  groundwater,  remained  out- 
side the  scope  of  the  presumption  and  hence  outside  the  ap- 
propriation system  [Whitten  versus  Coil,  1963].  Legislation 
was  passed  as  early  as  1957  to  regulate  groundwater  [Kelly, 
1969],  but  it  was  not  until  1965  and  1969  that  groundwater 
pumping  was  efl'ectively  subjected  to  the  appropriation 
regime.  In  1965  legislation  extended  the  doctrine  of  prior  ap- 


propriation to  groundwater  and  created  a  state  agency  to  es- 
tablish critical  areas.  The  legislation  became  ineffective  after 
the  state  engineer  shut  down  36  out  of  1,000  wells  in  Arkansas 
Valley  without  formulating  any  guidehnes  to  determine  which 
wells  should  be  shut  down,  and  the  Supreme  Court  held  that 
his  action  was  arbitrary  and  a  violation  of  the  well  owners' 
nghts  to  equal  protection.  Subsequent  legislation  and  admin- 
istrative regulations  established  the  constitutionally  required 
standards  [Fellhauer  versus  People,  1969].  More  importantly, 
dictum  in  the  case  invalidating  the  standards  foreshadowed  a 
generally  hospitable  reception  to  new  regulation : 

As  administration  of  water  approaches  its  second  century  the 
curtin  is  opening  on  the  new  drama  of  maximum  utilization  and 
how  constitutionally  that  doctrine  can  be  integrated  into  the  law 
of  vested  rights.  We  have  known  for  a  long  time  that  the  doctrine 
was  lurking  in  the  backstage  shadows  as  a  result  of  the  accepted, 
thought  of  violated,  principle  that  the  right  to  use  water  does 
give  the  right  waste  it. 

The  statute  divides  the  state's  groundwater  into  two  major 
classes:  tributary  to  a  surface  stream  and  within  a  designated 
basin  and  nontributary  to  a  surface  stream  [Colorado  Revised 
Statues,  1973].  The  supreme  court  subsequently  added  a  new 
class:  nondesignated,  nontributary.  The  core  of  the  statute  is 
the  definition  of  designated  groundwater: 

Designated  ground  water  means  that  ground  water  which  in  its 
natural  course  would  not  be  available  to  and  required  for  the 
fulfillment  of  decreed  surface  rights,  or  ground  water  m  areas  not 
adjacent  to  a  continuously  flowing  natural  stream  wherein 
ground  water  withdrawals  have  constituted  the  pnncipal  water 
usage  for  at  least  fifteen  years  preceding  the  date  of  the  first 
hearing  on  the  proposed  designation  of  the  basin,  and  which  in 
both  cases  is  within  the  geographic  boundaries  of  a  designated 
ground  water  basin. 

This  water  is  subject  to  appropriation.  Appropriation  is  man- 
aged by  a  two-tier  scheme  of  administrative  agencies.  A  state- 
wide groundwater  commission  hears  applications,  but  the 
landowners  in  designated  areas  may  form  local  management 
destricts  to  supplement  state  regulation.  The  legislation  has 
been  upheld  against  the  challenge  that  it  delegates  judicial 
functions  to  a  nonjudicial  agency  [Danielson  versus  Krebs  Ag. 
Incorporated,  1982].  The  hard  question  is  to  separate  tributary 
groundwater  from  designated  groundwater.  This  is  ultimately 
a  factual  question,  and  the  proponent  of  the  classification  has 
the  burden  of  showing  that  it  is  nondesignated  [State  ex.  rel. 
Danielson  versus  Vickroy,  1981].  Tributary  groundwater  is 
subject  to  the  surface  as  well  as  groundwater  priorities,  defined 
as  "that  water  in  the  unconsolidated  alluvial  aquifer  of  sand, 
gravel,  and  other  sedimentary  material  •  •  •  which  can  influ- 
ence the  rate  or  direction  of  movement  of  water  in  that  allu- 
vial aquifer  or  natural  stream." 

Coordination  favors  surface  against  groundwater  users 
since  surface  rights  will  inevitably  be  prior.  The  primary  de- 
fense of  a  junior  pumper  against  a  senior  surface  call  is  the 
futile  call  doctrine.  This  doctrine  allows  a  junior  to  continue 
his  diversion  on  the  ground  that  a  cessation  of  use  would  not 
benefit  the  senior.  This  doctrine  is  codified  in  the  Water  Right 
Determination  and  Administration  Act  of  1969.  However,  the 
futile  call  doctrine  has  been  limited  by  the  court  which  held 
that  a  call  does  not  require  a  showing  of  a  casual  relationship 
between  a  well  and  the  "calling"  senior's  suface  flow.  To  im- 
plement the  Groundwater  Management  Act,  the  engineer's 
office  developed  a  zone  plan  along  the  South  Platte  River. 


1762 


Tarlock:  Western  Water  Management 


Wells  in  zone  A  were  estimated  to  affect  the  river  in  10  days, 
in  zone  B  m  10-30  days,  and  in  zone  C  from  30-75  days,  and 
the  court  recognize  that  the  State  Engineer  had  the  discretion 
to  adopt  a  reasonable  margin  of  safety  in  deciding  whether  a 
call  would  be  futile  [Kuiper  versus  Well  Owners  Association, 
1971].  A  de  minimus  principle  has  subsequently  been  recog- 
nized IKuiper  versus  Lundvall,  1975].  In  many  cases,  surface 
groundwater  conflicts  have  been  solved  by  exchanges  allowed 
under  plans  for  augmentation  which  do  not  require  the  intro- 
duction of  new  water  into  the  system  [Harrison  and  Sand- 
strom,  197]].  For  example,  out  of  priority  pumping  is  allowed 
in  the  South  Platte  Basin  because  the  State  Engineer  has  ap- 
proved a  detailed  plan  to  supply  surface  replacement  water 
from  sources  such  treated  sewage  eflluent.  Colorado  does  not 
seem  to  follow  New  Mexico's  rule  that  a  surface  user  has  great 
discretion  to  trace  his  surface  source  to  groundwater  {^Hanay, 
1981].  A  person  who  seeks  a  change  from  a  surface  to  ground- 
water source  in  a  designated  basin  must  prove  that  the  water 
is  nontributary  and  this  question  may  be  initially  decided  by 
the  groundwater  commission.  The  statute  creates  a  gap  in  the 
waters  regulated.  There  is  no  express  regulation  of  deep 
aquifers,  those  that  are  not  tributary  to  a  surface  stream  and 
not  within  a  designated  area.  A  crisis  of  sorts  arose  in  Col- 
orado when  a  single  individual  made  substantial  filings  on 
unappropriated  deep  groundwater.  A  trial  judge  ruled  that 
nontributary,  nondesignated  groundwater  was  subject  to  ap- 
propriation but  imposed  antispeculative  restrictions  on  appro- 
priations. The  Colorado  supreme  court  reversed  on  a  cramped 
reading  of  the  1969  Act  and  threw  the  whole  matter  back  to 
the  legislature  {^Slate  versus  Southwestern  Colorado  River  Con- 
servation District,  1983]. 

Colorado  and  New  Mexico  have  squarely  faced  the 
question  of  whether  "mining"  should  be  allowed  in  nonreple- 
nishing  basins  and  have  concluded  that  it  should  be  permitted. 
Other  states  withdraw  groundwater  from  the  same  formation, 
the  Ogallala,  and  have  chosen  to  allow  mining  by  default. 
IBittinger  and  Green,  1980].  Colorado  and  New  Mexico  are 
interesting  because  they  have  decided  the  conditions  under 
which  mining  will  occur.  These  two  states  have  therefore  been 
required  to  address  the  most  difficult  issue  in  groundwater 
law.  Is  an  appropriater  entitled  to  a  fixed  level  of  static  pres- 
sure in  addition  to  a  quantity  of  water? 

In  1952  the  New  Mexico  State  Engineer  calculated  the 
amount  of  water  in  the  Lea  County  Underground  Basin,  part 
of  the  Ogallala  formation  and  decided  to  allow  appropriation 
up  to  the  point  that  less  than  one  third  of  the  water  currently 
in  storage  would  be  left  at  the  end  of  40  years.  This  increased 
entry  into  the  basin  and  along  with  his  decision  that  all 
pumpers  would  have  to  share  water  table  declines,  elTectively 
managed  the  basin  on  a  capture  rather  than  prior  appropri- 
ation model.  This  decision  was  upheld  because  the  adminis- 
tration of  nonrechargable  basins  "compels  a  modification  of 
the  traditional  concept  of  appropriation  supply  under  the  ap- 
propnation  doctrine"  [Mathers  versus  Texaco  Incorporated, 
1966].  To  the  protestors  argument  that  their  rights  had  been 
impaired,  the  court  answered  that  higher  pumping  costs  and 
lower  yields  were  "inevitable  results  of  the  beneficial  use  by 
the  public  of  these  waters."  Other  depletion  formulas  were 
formulated  by  Colorado  for  the  Northern  High  Plains  area  to 
restrict  entry  into  the  basin,  and  these  have  been  upheld  by 
the  court  [Fundingsland  versus  Colorado  Groundwater  Com- 
mission, 1970]. 

Once  mining  is  allowed,  static  pressure  levels  will  drop. 
Does  a  senior  appropriator  have  a  right  to  the  pressure  level 


at  the  time  that  the  appropriation  was  perfected''  Originally 
courts  answered  this  question  yes  reasoning  that  static  pres- 
sure was  an  integral  part  of  the  right,  although  an  appropri- 
ator never  had  a  right  to  a  fixed  flow  level.  [Current  Creek t 
Irrigation  Company  versus  Andrews,  1959].  In  the  face  of  the 
argument  that  this  rule  was  inefficient  because  it  restricted 
entry  into  a  basin,  courts  and  legislatures  began  to  modify  the 
rule  [Wayman  versus  Murray  City,  1969].  In  all  states  that 
have  recently  considered  the  issue,  a  senior  appropriator  is 
limited  to  a  reasonable  pumping  level  [Grant,  1981].  Consis- 
tent with  the  analysis,  the  supreme  Court  of  Colorado  recently 
held  that  surface  irrigators  could  be  limited  to  reasonable 
means  of  diversion,  such  deepened  headgates,  to  free  more 
undergroundwater  for  maximum  beneficial  use  [In  the  Matter 
of  Rules  and  Regulations,  1984]. 

What  is  a  reasonable  pumping  level  is  a  question  that 
courts  have  been  reluctant  to  confront  and  legislatures  have 
been  content  to  delegate  the  decision  to  administrative 
agencies.  The  result  is  that  pumping  level  decisions  are  made 
on  an  ad  hoc  basis  or  protected  through  restrictions  that 
apply  to  all  pumpers  equally  and  thus  try  and  spread  widely 
the  rate  of  decline  and  the  costs  of  reasonable  level  main- 
tenance. Any  relationship  between  optimum  yield  and  admin- 
istered pumping  levels  is  coincidental,  but  perhaps  this  is  all 
that  can  be  expected,  since  rational  solutions  are  both  hard  to 
formulate  and  costly  to  administer,  [Grant,  1983].  An  eco- 
nomic analysis  of  the  issue  must  start  from  the  premise  that 
lift  costs  are  reciprocal  externalities  imposed  by  one  pumper 
on  another.  Thus  these  costs  must  be  shared  among  the  pum- 
pers. Rational  sharing  is  only  possible  when  the  total  volume 
of  the  pool  is  allocated  among  the  pumpers.  Then,  solutions  ^ 
are  possible  such  as  requiring  that  for  each  marginal  unit^^ 
extracted,  other  pumpers  share  this  cost  in  proportion  to  the 
fraction  of  all  other  units  that  have  actually  been  withdrawn 
[Friedman,  1971].  This  formula  would  both  seem  to  promote 
economic  efiiciency  and  protected  the  expectations  of  earlier 
pumpers.  Only  Oklahoma  has  actually  allocated  the  total 
supply  of  groundwater  basins  to  pumpers  [Jensen,  1979],  and 
little  interest  has  been  shown  in  rational  lift  pricing  schemes, 
perhaps  becaiise  the  costs  of  information  assembly  exceed  the 
benefits. 

4.4.     Local  Control:     Kansas,  Nebraska,  and  Texas 

Two  of  the  major  groundwater  irrigation  states  over  the 
Ogallala  formation  have  resisted  statewide  management  and 
have  instead  choosen  to  retain  the  common  law  rules  of 
groundwater  "ownership"  with  local  regulation.  Kansas  fol- 
lows the  prior  appropriation  doctrine;  Nebraska  applies  the 
doctrine  of  correlative  rights  and  regulates  groundwater 
pumping  through  its  Natural  Resources  Districts.  Nebraska's 
1975  Groundwater  Management  Act  gives  the  districts  the 
option  of  establishing  groundwater  control  areas.  [Nebraska 
Revised  Statutes,  1943].  Control  areas  must  be  designated  by 
the  state  department  of  Water  Resources.  The  standards  are 
whether  the  use  of  groundwater  has  caused  or  is  likely  to 
cause  an  inadequate  supply  to  meet  present  or  reasonably 
forseeable  future  needs  or  whether  there  is  a  risk  of  quality 
degradation  due  to  mining.  Designation  is  a  strong  step  in 
Nebraska  and  the  Director  of  the  department  has  refused  to^ 
designate  control  areas,  where  the  only  effect  of  pumping  is  a^ 
seasonable  artesian  pressure  reduction  [Aiken,  1980].  Within 
designated  areas,  well  spacing  restrictions,  pumping  rotations, 
quantity  allocations  transfer  restrictions,  and  well  drilling  mo- 
ritoria  may  be  imposed.  Once  a  control  area  is  established,  a 
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state  permit  is  required,  but  it  can  only  be  denied  if  the  well 
will  violate  a  Natural  Resources  District  condition.  Nebraska 
has  not  yet  chosen,  as  has  its  neighbor  Colorado,  to  coordi- 
nate surface  and  groundwater  rights  IHolland,  1977].  A  pre- 
liminary assessment  of  the  1975  Act  and  local  implementation 
concludes  that  (1)  well  spacing  requirements  did  not  reduce 
the  rate  of  withdrawals  but  did  give  some  static  level  protec- 
tion to  existing  pumpers  and  (2)  that  the  first  major  quantity 
allocation  regulations  will  reduce  withdrawals  below  the  pre- 
vailing average  use  patterns  because;  mining  would  be  limited 
to  1%  of  the  saturated  thickness  of  the  aquifer  [Aiken  and 
Suppalla,  1979]. 

Kansas  authorizes  the  creation  of  local  districts  which  may 
adopt  management  programs  subject  to  state  approval 
[Kansas  Statutes,  1984].  Several  districts  have  been  created  in 
western  Kansas,  and  the  conservation  programs  and  regula- 
tions vary.  Well  spacing  requirements  to  protect  existing 
rights  are  widespread,  and  some  districts  have  adopted  safe 
yield  objectives.  For  example,  the  safe  yield  program  in  the 
Equus  Beds  District  is  accomplished  in  the  following  manner 
[Peck,  1981]: 


The  safe  yield  policy  is  found  in  the  statement  that  a  "balance 
will  be  maintained  between  recharge  to  the  Equus  Beds  and  total 
groundwater  withdrawals  (discharge)  from  the  Equus  Beds."  To 
accomplish  safe  yield,  the  GMD  basis  its  recommendation  for 
approval  or  denial  of  an  application  permit  on  a  two-mile  radius 
formula  as  follows:  (1)  a  circle  with  a  radius  of  two  miles  is 
drawn  around  the  proposed  well,  and  with  the  arcle  all  of  the 
existing  wells  as  shown  on  prior  applications  for  permits,  certifi- 
cates of  appropnation,  or  vested  nghts  are  totalled  as  to  annual 
quantity:  (2)  that  annual  quantity  is  added  to  the  quantity  of 
water  requested  in  the  application;  (3)  if  the  total  quantity  found 
by  the  addition  in  (2)  is  less  than  4025  acre-feet,  approval  of  the 
application  will  be  recommended  if  it  meets  other  cntena;  if  the 
total  is  greater  than  4025  acre-feet,  denial  of  the  application  will 
be  recommended,  unless  it  is  the  quantity  of  the  proposed  well 
that  puts  the  total  over  4025  acre-feet,  in  which  case  the  GMD 
may  recommend  a  quantity  that  would  make  the  withdrawals 
equal  4025  acre-feet. 

The  4025  acre-feet  is  the  average  amoant  of  recharge  within  an 
average  two  mile  radius  circle  in  the  GMD.  This  amount  is 
calculated  by  assuming  that  out  of  an  average  rainfall  of  thirty 
inches,  twenty  percent  or  six  inches  returns  to  the  aquifer  as 
recharge 


Other  districts  in  far  western  Kansas  allow  mining  based  on 
depletion  formulae  that  run  from  calculations  based  on  the 
historic  depletion  rate  to  formulas,  similar  to  those  used  in 
Colorado,  that  allow  a  percentage  depletion  rate  over  time 
within  a  2-mile  (3.218  km)  radius  of  a  well. 

Texas  also  regulates  groundwater  through  local  districts, 
but  in  contrast  to  Kansas  and  Nebraska,  Texas  districts  stress 
education  and  technical  conservation  rather  than  pumping 
controls  [Water-Related  Technologies,  1983].  The  Texas 
courts  have  repeatedly  held  that  groundwater  is  the  property 
of  the  overlying  landowner.  Courts  have  refused  to  curb  waste, 
but  they  have  suggested  that  negligent  pumping  is  actionable. 
To  date,  this  limitation  applies  only  to  pumping  that  causes 
subsidence  and  not  to  mining  generally.  Three  districts  overly- 
ing the  Ogallala  Aquifer  have  been  formed  since  1950,  and 
they  have  conducted  research  programs  and  experimented 
with  Playa  lake  recharge  programs.  To  curb  excessive  ground- 
water use  the  districts  currently  have  educational  programs  to 
try  and  induce  irrigators  to  use  more  efficient  cropping  and 
irrigation  methods.  For  example,  the  following  program  has 
been  implemented  by  the  High  Plains  Underground  Water 


Conservation  District  No    1  (K.  Carver,  unpublished  manu- 
script. 1984): 

Center  pivots  are  very  popular  in  Texas,  because  they  have 
many  advantages  over  furrow  irrigation.  However,  the  early 
pivots  were  subject  to  high  evaporation  loss  due  to  the  West 
Texas  winds.  Dr.  Bill  Lyle,  of  the  Texas  Agncullural  Extension 
Service,  began  working  on  eliminating  the  problem.  He  devel- 
oped the  Low  Energy  Precision  Application  (LEPA)  system.  It 
applies  the  water  at  the  soil  surface  through  drop  tubes.  The 
system  is  used  with  furrow  dikes  to  hold  the  water  in  place.  The 
farm  is  plowed  and  farmed  in  a  circle  so  that  each  drop  will 
always  be  in  a  furrow.  The  system  efficiency  is  95  to  98  percent 
instead  of  the  60  percent  for  the  usual  center-pivot  system. 
Furrow  dikes  are  a  very  important  part  of  the  LEPA  farming 
method  since  they  hold  the  high  volume  from  the  drops  until  it 
has  time  to  soak  into  the  soil.  The  Distncts  have  helped  promote 
the  use  of  this  equipment  with  articles,  field  tours,  and 
information-exchange  meetings. 


5.    A  Look  Into  the  Futlire:  Federal 
Control  of  Groundwater  Use? 

This  paper  has  focused  exclusively  on  state  groundwater 
management.  Historically,  this  is  the  correct  focus.  The  federal 
government  seldom  asserts  the  power  to  allocate  directly 
groundwater,  although  it  possesses  the  constitutional  power  to 
do  so.  Instead,  the  federal  interest  has  been  limited  to  the 
regulation  of  certain  uses  of  navigable  waters  and  to  the  as- 
sertion of  limited  proprietary  rights  in  the  west  incident  to  the 
withdrawal  of  land  from  entry  for  a  water-related  use  [United 
States  versus  New  Mexico,  1978].  Federal  power  stems  from 
the  Commerce  Power  and  was  first  limited  to  the  protection 
of  navigation.  Today,  federal  Commerce  Power  extends  to 
multiple-purpose  river  development  and  environmental  pro- 
tection, but  this  power  has  been  exercised  primarily  with  re- 
spect to  surface  waters.  Federal  reserved  proprietary  rights 
have  been  expressly  recognized  for  groundwater  connected  to 
surface  water  [Cappaert  versus  United  Stales,  1976]  and  may 
be  claimed  both  by  land  management  agencies  and  Indian 
tribes  [Grijfith,  1980].  In  the  main,  whatever  control  over 
groundwater  has  been  exercised  has  been  done  so  indirectly. 
The  threat  to  withhold  Central  Arizona  Project  funds  to  force 
Arizona  to  phase  out  irrigated  agriculture  is  the  most  dramat- 
ic example  of  this  indirect  power.  During  the  Carter  Adminis- 
tration, noises  were  made  that  a  strong  federal  interest  in 
groundwater  conservation  would  be  asserted,  but  efforts 
toward  a  national  water  policy  died  when  President  Carter 
failed  to  realize  that  the  West  was  different  from  the  South. 

In  1982  the  Supreme  Court  rendered  a  decision  that  asserts 
a  new  federal  interest  in  groundwater  management  and  pro- 
vides the  theoretical  base  for  the  assertion  of  strong  federal 
management  interests  and  also  ironically,  many  provide  the 
basis  for  new  challenges  to  state  conservation  programs.  [Spor- 
hose  versus  Nebraska,  1982].  Sporhase  holds  that  the  negative 
commerce  clause  applies  to  state  groundwater  law  because 
groundwater  is  a  commodity  in  interstate  commerce.  Specifi- 
cally, the  Court  held  that  a  Nebraska  law  that  prohibited 
interstate  groundwater  transfers  unless  the  host  state  had  re- 
ciprocal export  privileges  discriminated  against  interstate 
commerce.  Sporhase  overruled  a  late  19-century  case  that  held 
that  state  resource  embargoes  were  immune  from  negative 
commerce  clause  scrutiny  because  the  state  owned  the  re- 
sources in  trust  for  the  public.  There  is  little  new  constitution- 
al law  in  the  decision  except  its  application  to  an  area  er- 
roneously but  long  "thought"  to  be  immune  from  judicial  in- 
tervention. The  immunity  argument  is  simply  an  assertion  of 
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the  state's  inherent  police  power,  and  in  a  federal  system,  state 
police  power  is  always  subject  to  overriding  federal  interests. 
By  Sporhase,  the  immunity  theory  had  been  so  eroded  that 
the  decision  came  as  a  surprise  only  to  the  few  western  water 
lawyers  who  confused  bald  assertions  of  exclusive  state  con- 
trol with  modern  constitutional  commerce  clause  jurispru- 
dence [Williams,  1984]. 

The  issue  now  is  what  does  Sporhase  mean  for  state 
groundwater  management?  All  state  efforts  to  restrict  access 
must  now  be  evaluated  by  federal  constitutional  standards 
[Dormant  Commerce  Clause  and  the  Constitutionality  of  the 
Intrastate  Groundwater  Management  Programs,  1983].  Justice 
Steven's  majority  opinion  went  out  of  its  way  to  stress  the 
strength  of  traditional  state  interests  in  water  management 
and  suggested  a  "conservation"  immunity  from  the  negative 
commerce  clause.  This  exception  was  unsuccessfully  invoked 
by  New  Mexico  to  apply  its  embargo  statute  to  the  City  of  El 
Paso,  Texas  which  wanted  to  sink  wells  in  New  Mexico.  A 
district  court  held  that  New  Mexico's  statute  was  un- 
constitutional and  rejected  the  argument  that  arid  New 
Mexico  could  conserve  the  water  for  the  benefit  of  its  own 
citizens  [City  of  El  Paso  versus  Reynolds  I,  1983].  New 
Mexico  claimed  that  by  2020  the  state  would  have  a  626,000 
ac-ft  shortage,  but  the  district  court  read  Sporhase  narrowly 
and  limited  Justice  Stevens  "me  first"  exception  to  an  immi- 
nent water  shortage  that  jeoparadizes  public  health.  Other- 
wise, water  is  an  economic  good  which  must  be  shared  among 
claimants  regardless  of  geographic  location.  In  short,  a  conser- 
vation defense  is  never  likely  to  suceed  if  the  statute  expressly 
discriminates  against  interstate  commerce.  New  Mexico  was 
handicapped  in  its  conservation  argument  because  it  lacked 
"clean-hands."  The  court  was  not  convinced  that  the  embargo 
would  achieve  the  proffered  conservation  objective  because 
the  state  did  not  have  adequate  in-state  conservation  mea- 
sures. New  Mexico  subsequently  enacted  a  statute  that  sallows 
the  interstate  export  of  water  subject  to  conservation  and 
public  welfare  restrictions  but  it  has  been  held  that  this  statute 
violates  the  negative  commerce  clause  because  it  fails  to  place 
equal  restrictions  on  in-state  permit  applications  and  thus  the 
regulation  is  not  "evenhanded."  [City  of  El  Paso  versus  Reyn- 
olds II.  1984]. 

The  immediate  effect  of  Sporhase  is  to  force  states  to  devel- 
op more  sophisticated  water  management  and  conservation 
programs.  States  must  now  bear  a  higher  burden  of  justi- 
fication if  an  alleged  interference  with  interstate  commerce  is 
shown.  For  example.  New  Mexico  has  begun  to  ask  some 
hard  questions  about  the  value  of  different  uses  of  its  water 
and  to  debate  a  more  active  state  role  in  water  resources 
allocation  [Dumars,  1984].  It  is  unlikely  that  federal  courts 
will  become  superwater  masters,  and  in  the  end  the  net  effect 
of  Sporhase  should  be  positive.  The  more  comprehensive  and 
scientifically  based  the  conservation  regulation,  the  more 
burdens  on  interstate  commerce  are  likely  to  be  classified  as 
incidental  and  thus  immune  from  judicial  invalidation.  It  is 
unlikely  that  courts  will  scrutinize  intensively  nonfacially  dis- 
criminatory management  programs  that  further  traditional 
state  water  conservation  objectives  even  if  they  have  a  theoret- 
ically distorting  effect  on  interstate  groundwater  allocation. 
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Water  Resource  Issues  -  Energy  Environmental  Analysis 

I.  Coal 

A.  Types  of  Leases 

1 .  PRLAs 

2.  Competitive 

3.  Emergency 

B.  Four-Step  Planning  Process 

1.  Development  Potential 

2.  Unsuitability 

3.  Multiple  Use  Tradeoff 

4.  Surface  Owner  Consultation 

C.  Responsibility 

1.  Federal/Leasing 

2.  State/Permitting 

D.  Legislation 

1.  Federal  Water  Pollution  Control  Act  and  Amendments 

a.  Standard 

b.  Auto-degradation 

2.  Surface  Mining.   Control  and  Reclamation  Act 
a.   Unsuitability  Criteria 

3.  Federal  Coal  Leasing  Amendments  Act  1976 
a.   Planning 

4.  Secretarial  Decision  Document 

E.  Problems  with  Leasing  Process 

1.  Track  Delineation 

2.  Responsibility 

F.  Major  Issues 

1.  Spoil  Piles 

2.  Antidegradation 

3.  Salinity 

4.  Subsidence 

G.  Case  Study 

1.   James  Creek  E.I.S. 

II.  Oil  and  Gas 

A.  Types  of  Leases 

1.  Competitive 

2.  Non-competitive 

B.  Planning  Process 

1.  Competitive 

2.  Non-competitive 
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C.  Federal  Actions  with  Resource  Input 

1.  Preliminary  Exploration 

a.  Notice  of  Intent 

b.  Notice  of  Completion 

2.  Operations 

a.   Onshore  Oil  and  Gas  Order  No.  1 

(1)  Application  to  Drill 

(2)  Surface  Use  and  Operatons  Plan 

(3)  Abandonment 

(4)  Water  Well  Conversion 

3.  Development 

a.   Notice  to  Lease  -  2B 

4.  Production 

a.   Injection 

5.  Abandonment 

D.  Legislation 

1.  No  Statutory  Authority  for  Exploration 

2.  Onshore  Oil  and  Gas  Order  No.  1 
a.   43  CFR  3160 

3.  Federal  Water  Pollution  Control  Act  and  Amendments 

4.  Exempt  from  RCRA 

E.  Problems  with  Leasing  Process 
1.   Manpower  Intensive 

F.  Major  Issues 

1.  Production  Water 

2.  Process  Water 

3.  Salinity 

4.  Heavy  Metals 

G.  Case  Study 

1.   Elk  Spring  Well  #3  E.A. 
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DEPARTMENT  OF  THE  INTERIOR 

Bureau  of  Land  Management 

43  CFR  Part  3160 
[Circular  No.  25381 

Onshore  Oil  and  Gas  Order  No.  1; 
Approval  of  Operation's  on  Onshore 
Federal  and  Indian  Oil  and  Gas  Leases 


Under  the  authority  of  thf  Act  of 
February  25. 1920,  as  amended  and 
supplemented  (30  U.S.C.  189.  226),  and 
Executive  Order  12291  (46  PR  13193), 
Part  3160.  Group  3100,  Subchapter  C, 
Chapter  II  of  Title  43  of  the  Code  of 
Federal  Regulations  is  amended  as  set 
forth  below. 


PART  3160-<}NSKORE  OIL  AND  GAS 
OPERATIONS 

Section  3164.1(b)  is  amended  by 
adding  the  following  table: 

§  3164.1    Onshort  Oil  and  Gas  Orders. 

•         •         ♦         •         * 

(b)  *  *  • 


Crd«r 
No 

Subi«ct 

EHectiv*  dal* 

Fedaral 
Reg»l«f 

re<erenca 

Sup«rs«dM 

1 

Nov.  21.  1963 

48  FR— 

NTL-«. 

Appendix — Text  of  Oil  and  Gas  Order 

Note.— This  appendix  will  not  appear  in 
the  Code  of  Federal  Regulations. 

Contents 

Onshore  Order 
Introduction 

I.  Accountability 

II.  Special  Situations 

III.  Drilling  Operations 

A.  Surveying  and  Staking 

B.  Material  to  be  Filed 

1.  Notice  of  Staking 

2.  Application  for  Permit  to  Drill 

C.  Conferences  and  Inspections 

D.  Processing  Time  Frames 

E.  Cultural  Resources  Clearance 

F.  Threatened  and  Endangered  Species 
Clearance  and  Other  Critical 
Environmental  Concerns 

G.  Components  of  a  Complete  Application 
for  Permit  to  Drill 

IV.-Subsequent  Operation» 

A.  Production  Facilities 

B.  Other  Operations 

C.  Emergency  Repairs 

D.  Environmental  Review 

V.  Well-Abandonment 

VI.  Water  Well  Conversion 
VU.  Privately  Owned  Surface 

VIII.  Reports  and  Activities  Required  After 
Well  Completion 

Onshore  Oil  and  Gas  Order 

Federal  and  Indian  Oil  and  Gas  Leases 

Order  No.  1 

Effective:  November  21. 1983 

Approval  of  Operations 

Introduction 

This  Order  is  established  pursuant  to 
the  authority  prescribed  in  43  CFR  Part 
3160.  formerly  30  CFR  221.  Approval  of 
all  proposed  exploratory,  development, 
and  service  wells,  and  all  required 
approvals  of  subsequent  well  operations 
and  other  lease  operations,  shall  be 
obtained  in  accordance  with  43  CFR 
3162.3-1.  3162.3-2,  3162.3-3.  3162.3-4  and 


3162.5-1.  formerly  30  CFR  221.23.  221.27. 
221.28.  221.29.  or  221.30.  as  appropriate. 

All  wells  approved  for  drilling  under 
the  provisions  of  this  Order  shall  have 
been  included  in  a  drilling  plan,  as 
required  under  43  CFR  3162.3-l(d), 
formerly  30  CFR  221.23(d). 

A  drilling  plan  may  be  submitted  for  a 
single  well,  or  for  several  wells  that  are 
proposed  to  be  drilled  to  the  same  zone 
'/vithin  a  field  or  area  of  geological  and 
•jnvironmental  similarity.  Plans  for 
additional  development  of  the  leasehold 
should  be  considered  in  the  submittal. 

However,  approval  of  Form  3160-3. 
formerly  9-331C  (Application  for  Permit 
to  Drill.  Deepen,  or  Plug  Back)  is 
required  for  each  well,  and  in  order  to 
be  complete  £in  Application  for  Permit  to 
Drill  (APD)  shall  include  all  information 
required  under  4iCFR  3162.3-1  (d)  apd 
(e).  A  technically  and  administratively 
complete  APD  includes,  in  addition  to 
Form  3160-3.  a  drilling  plan,  evidence  of 
bond  coverage,  a  designation  of 
operator,  when  appropriate,  and  such 
other  information  as  may  be  required  by 
applicable  Order  or  Notice  to  evaluate 
the  proposal.  Refer  to  section  III.G.  for 
more  detailed  guidance  on  complete 
APD's. 

Certain  subsequent  well  operations 
and  other  lease  operatioAS  involving 
additional  surface  disturbance  shall  be 
included  in  a  plan  submitted  on  Form 
3160-5.  formerly  9-331  (Sundry  Notices 
and  Reports  On  Wells),  and  approved 
under  the  provisions  of  this  Order 
pursuant  to  43  CFR  3162.3-2  or  3162.3-3, 
formeriy  30  CFR  221.27  or  221.28, 
respectively. 

A  report  on  all  subsequent  well 
operations  shall  be  filed  on  Form  3160-5, 
as  prescribed  in  43  CFR  3162.3-2.  A 
notice  of  intention  to  abandon  a  well 
and  a  subsequent  report  of 
abandonment  shall  also  be  filed  on 
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m  316&-5.  as  required  by  43  CFR 
2.3-4. 

il  applications  for  approval  under 
provisions  of  this  Order  shall  be 
mitted  to  the  appropriate  authorized 
cer  of  the  Bureau  of  Land 
nagejnent  (BLM).  "Authorized 
rcer"  means  any  person  authorized  to 
form  the  duties  prescribed.  To  be 
ised  of  the  proper  BLM  official  and 
ce  with  which  to  file  an  application, 
lessee/operator  may  contact  the 
iropriate  Dtstnct  Manager  of  BLM 
ing  jurisdiction  over  lease  operations 
I  particular  area. 

he  lessee/operator  shall  comply  with 
following  requirements: 
Accountability.  Lessees  and 
irators  have  the  responsibility  to  see 
t  their  exploration,  development, 
duction.  and  construction  operations 
conducted  in  a  manner  which  (1) 
[forms  with  applicable  Federal  laws 
1  regulations  and  with  State  and  local 
rs  and  regulations  to  the  extent  that 
h  State  and  local  laws  are  applicable 
>perations  on  Federal  or  Indian 
ses;  (2)  conforms  with  the  lease 
US,  lease  stipulations,  and  conditions 
ipproval;  (3)  results  in  diligent 
relopment  and  efficient  resource 
overy;  (4)  protects  the  lease  from 
linage:  (5)  affords  adequate 
eguards  for  the  environment*  (6) 
ults  in  the  proper  reclamation  of 
turbed  lands:  (7]  conforms  with 
rent  available  technology  and 
ictice:  (8]  assures  that  underground 
irces  of  fresh  water  will  not  be 
iangered  by  any  fluid  injection 
iration;  and  (9)  otherwise  assures  the 
itection  of  the  public  health  and 
ety.  Lessees  and  operators  shall  be 
d  fully  accountable  for  their 
itractors'  and  subcontractors' 
nphance  with  the  requirements  of  the 
}roved  permit  and/or  plan.  Drilling/ 
istruction  and  associated  operations 
ill  not  be  conducted  without  prior 
3roval  of  the  authorized  officer  of 
Vf.  BLM  approval  of  the  APD  does  not 
leve  the  lessee  and  operator  from 
:aining  and  other  authorizations 
[uired  for  operations  on  Federal  and 
Lian  lands. 

L  Special  Situations.  Lessees  and 
>rators,  as  well  as  their  contractors 
i  subcontractors,  shall  not  commence 
f  operation  or  construction  activity 
a  lease,  other  than  cultural  resource 
entories  and  surveying  and  staking 
U  locations  on  Federal  and  Indian 
ids,  without  the  prior  approval  of  the 
thorized  officer  of  BLM,  except  for 
lain  subsequent  operations  (see 
:tion  rV.  of  this  Order).  The  terma.and 
iditions  of  an  approved  permit  and 
lling  plan,  or  other  plan,  shall  not  be 


altered  unless  BLM  first  has  approved 
an  amended  or  supplemental  permit 
and /or  plan  covering  any  such 
modiBcations. 

For  proposed  operations  on  a 
committed  State  of  fee  tract  in  a 
Federally  supervised  unit  or 
communitized  tract,  the  operator  shall 
furnish  a  copy  of  the  approved  State 
permit  to  the  authorized  officer  of  BLM 
which  will  be  accepted  for  record 
purposes.  In  addition,  in  eases  where  an 
access  road  to  a  non-Federai  or  noa° 
Indian  dhllsite  will  cross  leased  Federal 
or  Indian  lands,  the  operator  shaU 
submit  a  surface  use  plan  only  for  those 
portions  of  the  access  road  on  Federal 
or  Indian  lands  where  new  construction 
or  reconstruction  will  occur.  Such  plans 
shall  be  submitted  to  the  authorized 
officer  of  BLM  or  appropriate  Federal 
Surface  Management  Agency  (SMA) 
and  approval  obtained  prior  to 
commencement  of  construction 
operations  on  the  Federal  or  Indian 
surface.  For  privately  owned  surfece, 
refer  to  section  VIL 

III.  Drilling  Operations. 

A.  Surveying  and  Staking.  Surveying 
and  staking  ma^  be  done  without 
advance  approval  from  the  authorized 
officer  of  BLM  or  other  appropriate  SMA 
and  prior  to  the  conduct  of  any  required 
ailtiaral  resource  inventory,  except  for 
lands  administered  by  the  Department 
of  Defense  or  other  lands  used  for 
military  purposes,  or  where  significant 
surface  disturbance  is  likely  to  occur. 

Lessees  and  operators  are  strongly 
encouraged  to  notify  the  appropriate 
SMA  prior  to  entry  upon  the  lands  for 
the  purposes  of  surveying  and  staking. 
Eariy  notification  will  allow  the  SMA  to 
apprise  the  lessees  and  operators  of  any 
existing  conditions,  knowledge  of  which 
could  result  in  saving  of  time  and  money 
by  both  industry  and  Government 
These  include  but  are  not  limited  to: 
— Whether  a  cultural  resource  inventory 

is  required: 
—Presence  of  threatened  or  endangered 

species  and/or  critical  habitats: 
— Vehicle  access  restrictions;  and/or 
— Permitting  requirements  applicable  to 

affected  lands  outside  the  leasehold 

boundary. 

Where  the  surface  is  privately  owned 
or  held  in  trust  of  Indian  benefit,  the 
lessee /operator  is  responsible  for 
making  access  arrangements  with  the 
private  surface  owner  or  the  Bureau  of 
Indian  Affairs  (BIA)  and  Indian  tribe  or 
Indian  allottee(s)  prior  to  entry  upon  the 
lands  for  the  purpose  of  surveying  and 
staking. 

Staking  shall  include  the  well 
location,  two  200-foot  directional 
reference  stakes,  the  exterior 


dimensions  of  the  drill  pad.  reserve  pit 
and  other  areas  of  surface  disturbance, 
cuts  and  fills,  and  centeriine  flagging  of 
new  roads  with  road  stakes  being 
visible  from  one  to  the  next  Cut  and  fill 
staking  applies  only  to  the  wellsite. 
reserve  pit  and,  if  off-location,  and 
ancillary  facilities. 
B»  Material  to  be  Filed. 

1.  Notice  of  Staking.  Prior  to  filing  a 
complete  APD,  the  lessee  or  operator 
may,  at  its  option,  file  a  Notice  of 
Staking  (Attachment  A)  with  the 
authorized  officer  of  BLM  and 
appropriate  office  of  any  other  involved 
SMA.  In  Alaska,  a  copy  of  the  Notice 
shall  also  be  sent  to  the  appropriate 
Borough  when  a  subsistence  stipulation 
is  part  of  the  lease. 

The  information  contained  in  the 
Notice  of  Staking  (NOS)  will  aid  in 
identifying  the  need  for  associated 
rights-of-way  and  special  use  permits.  If 
all  required  information  is  not  included, 
the  NOS  shall  be  returned  to  the 
operator  for  modif!cation» 

2.  Applicatioa  for  Permit  to  Drill 
(APD).  Regardless  of  whether  an  NOS  is 
filed,  the  lessee  or  operator  shall  file  an 
APD.  This  application  shall  be 
administratively  and  technically 
complete  prior  to  approval  The 
authorized  officer  of  BLM  shall  advise 
the  lessee  or  operator,  within  7  working 
days  of  receipt  of  the  application,  as  to 
whether  or  not  the  appUcation  is 
complete.  If  the  application  is  complete, 
oral  notification  will  suffice.  If  the 
application  is  not  complete,  notification 
to  that  effect  shall  be  made  in  writing 
even  though  the  lessee  or  operator  may 
have  already  received  oral  notification. 
For  purposes  of  written  notification. 
Attachment  E  Checklist  For  Applicant 
Notification,  shall  be  mailed  to  tiie 
applicant  vyithin  the  7>day  period.  The 
notification  shall  advise  the  lessee  or 
operator  of  any  defects  that  need 
correcting  and  of  any  additional 
information  required  If  the  deficiendea 
are  not  corrected  and/or  the  additional 
required  information  is  not  submitted 
within  45  days  of  the  date  of  any  oral  or 
written  notice  (if  no  prior  oral  notice), 
the  application  shall  be  returned  to  the 
proponent 

Upon  initiation  of  the  APD  process, 
the  authorized  officer  of  BLM  shaU 
consult  with  any  other  involved  SMA 
and  with  other  appropriate  interested 
parties,  and  shall  take  one  of  the 
following  actions  within  30  days:  (1) 
Approve  the  application  aa  submitted  or 
with  appropriate  modifications  or 
stipulations;  (2)  return  the  application 
and  advise  the  lessee  or  operator  of  the 
reasons  for  disapproval:  or  (3)  advise 
the  lessee  or  operator,  either  in  writing 
or  orally  with  subsequent  written 


confinnation,  of  the  reasons  why  final 
action  will  be  delayed  and  the  date  such 
final  action  is  expected. 

When  the  NOS  option  is  followed, 
BLM  shall  strive  to  process  the 
subsequent  related  APD  within  10  days 
of  the  APD's  receipt  However,  in  either 
situation,  the  process  of  reviewing  the 
APD  and  advising  the  lessee  or  operator 
as  to  whether  it  is  technically  and 
administratively  complete  shall  be 
considered  a  part  of  the  overall  APD 
processing  time,  i.e.,  30  days  in  case  of 
the  APD  option  and  10  days  if  the  NOS 
process  is  utilized.  Operators  are 
cautioned  that  with  respect  to  any 
particular  well  the  option  selected 
initially,  of  either  filing  both  an  NOS 
and  a  subsequent  APD  or  only  an  APD, 
is  to  be  followed  and  there  shall  be  no 
shifting  between  the  two  options.  If 
operators  fail  to  maintain  a  consistent 
approach  in  this  regard,  the  processing 
time  already  expended  shall  not  be 
coimted  as  part  of  the  above  30-day 
period. 

The  processing  of  applications  shall 
be  given  a  high  priority,  and  individual 
applications  shall  be  processed 
according  to  the  date  the  application  is 
received  by  the  appropriate  BLM  office. 
If  it  is  not  possible  for  BLM  actions  to  be 
taken  prior  to  lease  expiration,^  the 
lessee  or  operator  shall  be  advised,  at 
least  orally,  prior  to  the  lease  expiration 
date,  with  all  such  notifications 
confirmed  in  writing.  Said  advice  shall 
detail  the  reasons  for  delay  so  that  the 
lessee  or  operator  may  take  such  appeal 
or  other  recourse  to  preserve  the  lease 
as  is  allowed  by  law  and/or  regulation. 
The  appropriate  BLM  office  telephone 
number  and  address  shall  be  furnished 
to  the  lessee  or  operator  with  the 
earhest  notification  or  advice. 

C.  Conferences  and  Inspections.  An 
onsite  predrill  inspection  shall  be 
scheduled  and  conducted  by  the 
appropriate  BLM  office  within  15  days 
of  receiving  the  applicant's  initially-filed 
document,  i.e.,  either  an  NOS  or  a 
complete  APD.  In  special  circumstances, 
the  authorized  officer  of  BLM  may 
require  the  filing  of  a  complete  APD 
prior  to  the  scheduling  of  an  onsite 
predrill  inspection.  Representativeffof 
the  appropriate  BLM  office,  the  operator 
and  other  interested  parties,  such  as  any 
other  involved  SMA,  the  appropriate 
Alaska  Borough  (when  a  subsistence 
stipulation  is  part  of  the  lease],  and  the 
operator's  principal  dirt  and  drilling 
contractors  shall  attend  the  predrill 
inspection.  When  appropriate,  the 
operator's  surveyor  and  archeologist 
should  also  participate  in  the  inspection.  ■ 
If  any  other  involved  SMA  is  not  able  toJ 
participate  at  the  desired  time,  the 


inspection  may  be  rescheduled  provided 
it  can  be  conducted  within  the  15-day 
period.  When  private  surface  is 
involved,  the  lessee  or  operator  shall 
furnish  the  name,  address  and  telephone 
number  of  the  private  surface  owner  on 
the  NOS  form  or,  in  the  surface  use 
program,  such  information  shall  be 
attached  to  the  APD.  The  BLM  shall 
invite  the  surface  owner  to  participate  in 
the  onsite  inspection.  This  invitation 
will  be  extended  as  early  as  possible. 
However,  a  surface  owner's  inability  to 
attend  shall'not  delay  the  scheduled 
inspection  unless  BLM  can  conveniently 
reschedule  the  inspection  within  the  15- 
day  time  period.  Joint  inspections,  i.e., 
those  involving  any  other  SMA, 
normally  shall  not  be  held  for  proposed 
in-fill  well  locations  in  developed  fields 
if  an  appropriate  environmental 
assessment  (EA)  already  has  been 
completed  by  BLM  for  the  field  or  that 
area  of  the  field.  However,  if  staffing 
permits,  a  representative  of  BLM  shall 
inspect  those  proposed  locations  where 
a  joint  predrill  inspection  is  not  held.  At 
the  time  of  onsite  inspection,  staking  of 
the  location  shall  have  occurred,  as 
specified  in  part  A  of  this  section.  The 
surface  use  and  reclamation  stipulations 
shall  be  developed  during  the  onsite 
inspection  and  provided  to  the  operator 
either  at  thelocation  or  within  5 
working,  days  from  the  date  of  the  onsite 
inspection,  barring  unusual 
circumstances.  These  requirements  shall 
be  incorporated  into  the  complete 
application,  when  filed,  if  the  proponent 
is  following  the  NOS  option.  Otherwise, 
these  requirements  shall  be 
incorporated  as  conditions  of  the  APD 
approval  if  an  NOS  is  not  filed. 
However,  this  does  not  preclude  the 
possibility  of  additional  conditions 
being  imposed  as  a  result  of  the  review 
of  the  complete  application. 

D.  Processing  Time  Frames.  The 
following  table  summarizes  the  major 
time  frames  involved  in  processing  most 
APD's: 

APD  Option 


NOS  Option 


Acton  Items 


Onsrte  inspection. . 


Actxjn  Items 


Onstte  inspection. 


Requirements  to  (>e 
imposed  wnen  APO  is 
aoproved. 

Complete  processing  o< 
APO. 


Osys 


Witttin   15  dsys  after  receipt  of 

the  APO. 
Developed    onsite    or    witlwi    S 

Duortung  days  ttieresfter. 

WittWi  30  days  of  the  APD's  re- 
ceipt, provided  that  it  is  techr»- 
cally  and  admmistralively  corrv 
plete  at  the  end  of  the  30-day 
period  (Includes  ttie  atx>ve  15- 
day  and  5-day  penods). 


Requirements  lor 
inclusion  in  APO. 

Complete  processing  of 
APO. 


Days 


Within  15  days  after  receipt  of 
the  NOS. 

Furnished  onsrte  or  wittwi  S  «»or»- 
ing  days  thereatler 

Within  10  days  of  the  APO's  re- 
ceipt provided  that  it  is  techm- 
caJly  and  admimstrativefy  com- 
pleie  at  the  end  of  the  lO-day 
penod. 


The  above  timeframes  together 
comprise  the  total  period  during  which 
BLM  anticipates  it  will  be  able  to 
process  approximately  90  percent  of  all 
APD's.  However,  the  30  days  may  not 
run  consecutively  even  when  APD's  are 
filed  immediately  after  onsite 
inspections.  For  example,  any  time  used 
by  lessees  or  operators  to  correct 
deficiencies,  or  to  prepare  and  submit 
information  initially  omitted- from  the 
application  and  whit:h  causes  delays  in 
processing  beyond  BLM's  control,  shall 
not  be  counted  as  part  of  the  30-day 
period.  However,  BLM  shall  continue  to 
process  applications  up  to  the  point 
where  any  missing  piece  of  information 
or  an  uncorrected  deficiency  renders 
further  processing  impractical  or 
impossible.  Processing  delays  which 
extend  the  30-day  processing  time  are 
expected  to  occur  in  less  than  5  percent 
of  the  cases.  In  addition,  delays  in 
conducting  onsite  inspections  within  15 
days  of  receiving  an  NOS  (or  an  APD  if 
an  NOS  is  not  filed),  or  delays  in 
providing  all  stipulations  to  the  operator 
within  5  working  days  of  an  onsite 
inspection  may  occur  in.less  than  5 
percent  of  the  cases  during  periods  of 
severe  weather  conditions  and  in  areas 
where  certain  environmental  concerns 
or  jurisdictional  conflicts  exist. 

Such  areas  include,  but  are  not  limited 
to: 

1.  Certain  tribally  or  individually 
owned  Indian  trust  or  restricted  lands. 

2.  Lands  withdrawn  for  Federal 
reservoirs  and  Federal  lands 
surrounding  such  reservoirs. 

3.  Lands  in  formally  designated 
wilderness  areas,  lands  formally 
proposed  for  such  designation,  lands 
within  BLM  Wilderness  Study  Areas  or 
lands  within  Forest  Service  Further 
Planning  Areas. 

4.  National  Recreation  Areas. 

5.  Wildife  Refuges. 

6.  Certain  Federal  lands  in  Alaska. 

7.  Lands  under  jurisdiction  of  the 
Department  of  Defense. 

8.  Lands  where  a  major  problem  exists 
with  respect  to  cultural  resources. 

9.  Lands  known  to  contain  threatened 
or  endangered  species  and/or  critical 
habitats. 


30-day  time  frame  for  completion 
APD  process  also  may  be 
ded  in  most  cases  where  it  is 
»ry  to  prepare  an  EA.  and  in  ail 
where  it  is  necessary  to  prepare 
nronmentai  impact  statement 

sees  and  operators  are  also 
ned  that  if  the  NOS/APD  process 
( less  than  30  days  prior  to  the 
d  date  of  commencement  of 
g  operations,  the  process  may  not 
npleted  within  the  time  desired. 
'lilturaJ  Resources  Clearance. 
se  consultation  with  the  involved 
and  the  State  Historic  Preservation 
r  on  matters  that  relate  to  the 

:tion  of  historic  and  cultural 

•ces  is  provided  in  BLM  (36  CFR 
a)(l)).  lessees  and  operators 
i  contact  the  involved  SMA  at 
[5  days  prior  to  the  submission  of 
)S  or  APD  to  determine  whether 
:tions  are  necessary  to  locate  and 
fy  historic  and  cultural  resources. 
1  actions  are  necessary,  lessees 
perators  are  encouraged  to 
ete  the  work  and  report  prior  to 
bmission  of  any  other  material  to 
ithorized  officer  of  BLM  but,  in  any 
,  no  later  than  the  time  the 
[ete  APD  is  submitted.  Survey 
and  a  related  report  shall  be 
Bd  only  if  the  involved  SMA  has 
ti  to  believe  that  properties  listed, 
pble  for  listing,  in  the  National 
ter  of  Historic  Places  (NRHP)  are 
3t  in  the  area  of  potential  effect 
ric  and~cultural  resources  work  on 
ely  owned  surface  shall  be 
taken  only  with  the  consent  of  the 
:e  surface  owner.  If  the  private 
:e  owner  refuses  entry  for  that 
se.  the  lessee  or  operator  shall  use 
St  efforts  to  conduct  its  approved 
tions  in  a  manner  that  avoids 
se  effects  on  any  properties  which 
ited.  or  may  be  eligible  for  listing, 
NRHP. 

'hreatened  and  Endangered 
es  Clearance  and  Other  Critical 
onmental  Concerns.  The  involved 
shall  identify  any  threatened  and 
igered  species  and/or  critical 
it  problems  and  other 
Dnmental  concerns,  e.g.,  wilderness 
oldemess  study  areas,  wild  and 
:  rivers,  etc.  to  minimize  the 
biUty  of  drill  site  relocation.  Should 
MA.  if  that  agency  is  not  BLM,  be 
e  to  carry  out  this  responsibility, 
shall  do  so.  BLM  shall  identify  any 
n  or  potential  surface  geological 
ds.  If  any  of  these  concerns  exist. 
nation  in  that  regard  shaU  be 
»yed  to  the  lessee/operator  by  BLM 
:er  than  when  the  surface  use  and 
nation  stipulations  are  provided: 


however,  the  lessee/operator  can  ensure 
earlier  identificatioQ  of  potentlai  conflict 
in  these  areas  of  caacem  by  contacting 
the  involved  SMA  prior  to  the  submittal 
of  an  NOS  or  APD.  The  authorized 
ofHcer  of  BLM  should  be  timely  apprised 
of  any  contacts  with  any  other  involved 
SMA. 

G.  Components  of  a  Complete 
Application  for  Permit  to  Drill 

1.  Complete  Application.  If  an  NOS  is 
filed,  the  lessee/operator  shall  prepare 
and  submit  a  complete  APD  within  4S 
days  of  the  onsits  inspection  pursuant  to 
the  requirements  «f  this  subsection. 
Failure  to  timely  submit  an  APD  within 
this  time  frame  may  result  in  the  lessee/ 
operator  having  to  repeat  the  entire 
process.  The  complete  APD  shall  be 
submitted  in  triplicate  to  BLM.  together 
with  any  additional  copies  required  by 
the  atithorized  ofBcer.  As  provided  in  43 
CFR  3162.3-l(d).  formerly  30  CFR 
221.23(d).  a  complete  application 
consists  of: 

(a)  Form  3160-3,  [b]  a  drilling  plan  (or 
reference  thereto]  containing 
information  required  by  section  G.4., 
below,  (c]  evidence  of  bond  coverage  as 
required  by  Department  of  the  Interior 
regulationa,  (d)  designation  of  operator, 
where  necessary,  and  (e]  such  other 
information  as  may  be  required  by 
applicable  Orders  aiul  Notices, 
indading  a  cultural  resource  report  (If 
required  and  not  already  filed).  The 
APD  shall  be  signed  by  the  lessee/ 
operator  ofiiciai  having  the 
responsibihty  and  authority  to  supervise 
and  direct  all  activitfes  related  to  the 
permit  and  who  can  be  contacted  in  the 
event  of  a  problem.  The  anthorized 
officer  nray  require  additional 
information  in  mmsttal  circumstances. 
However,  where  the  proposed  well  is  to 
be  completed  for  injection  purposes 
(disposal  or  production  enhancement), 
lessees  and  operators  also  shall  obtain. 
an  underground  infection  permit  from 
the  Environmental  Protection  Agency 
(EPA)  or  the  State,  where  the  State  has 
achieved  primacy.  Any  information 
submitted  in  support  of  obtaining  that 
permit  shall  be  accepted  by  the 
authorized  officer  to  the  extent  that  it 
satisfies  the  information  submission 
requirements  of  this  Order. 

2.  Designation  of  Operator.  The  lessee 
may  authorize  the  actual  conduct  of 
operations  hi  its  behalf  by  designating 
another  party  as  operator  in  a  maimer 
and  form  acceptable  to  the  authorized 
officer.  Lessees  shall  notify  the 
authorised  officer  in  writing  whenever 
an  existing  designation  of  operator  is 
cancelled.  A  designated  operator  cannot 
desianate  a  different  party  as  operator. 

3.  Form  3160-3.  formerly  9-331C 
{Application  for  Permit  to  Drill  Deepen, 


OF  Plug  Back).  This  Form  shall  be 
completed  in  full  and  submitted  to  the 
authorized  officer  together  with  all 
necessary  information  referred  to  under 
section  G.l.  above.  The  following  points 
a.  through  £,  are  specific  as  to 
appropriate  information  requirements  of 
the  Form  and  shall  be  stated  thereon,  or 
M  an  attachment  thereto,  for  each 
proposed  well: 

Bo  A  well  location  plat  shall  be 
attached  depicting  the  proposed 
location,  as  detennined  by  a  registered 
surveyor,  in  feet  and  direction  from  the 
nearest  section  lines  of  an  established 
public  land  survey  or.  in  areas  where 
there  are  ao  public  land  surveys,  by 
such  other  method  as  is  acceptable  to 
the  authorized  officer..  The  plat  shall  be 
signed  by  the  surveyor,  certifying  that 
the  location  has.  in  fact  been  staked  on 
the  grounds  as  shown  on  the  plat 

b.  The  elevation  given  shall  be  the 
above°sea-level  datxun  of  the 
unprepared  ground. 

c.  The  type  of  drilling  tools  and 
associated  equipment  to  be  utilized  shall 
be  stated. 

d.  The  proposed  casing  program  shall 
include  the  size,  grade,  weight  type  of 
thread  and  couphng.  and  setting  deptii 
of  each  string,  and  whether  it  is  new  or 
used. 

e.  The  amount  and  type  of  cement 
including  additives  to  be  used  in  setting 
each  casing  string,  shall  be  described.  If 
stage-cementing  techniques  are  to  be 
employed,  the  setting  depth  of  the  stage 
collars  and  amount  and  type  of  cement 
including  additives,  to  be  used  in  each 
stage  shall  be  given.  The  expected  linear 
fill-op  of  "each  cemented  string  or  each 
stage,  when  utilizing  stage-cementing 
techniques,  shall  be  provided. 

f.  The  anticipated  duration  of  the  total 
c^eration  shall  be  gives  in  additian  to 
the  anticipated  starting  date.  A  eopy  of 
the  approved  Form  3180-3  and  the 
pertinent  drilling  plan,  along  with  any 
conditions  of  approval,  shall  be 
available  at  the  drillsite  to  audiorized  or 
delegated  representatives  of  the  United 
States  whenever  active  construction, 
drilling,  or  completion  operations  are 
under  way. 

4.  Drilling  Plan.  A  drilling  plan  in 
sufficient  detail  to  permit  a  complete 
appraisal  of  the  technical  adequacy  of, 
and  environmental  effecti  associated 
with,  the  proposed  project  shall  be 
prepared  and  either  submitted  with  each 
copy  of  Form  3160-3,  or  referenced 
thereon  if  it  is  already  on  file  with  BLM 
or  is  being  submitted  for  more  than  one 
welL  The  plan  shall  be  developed  in 
conformity  with  the  provisions  of  the 
lease,  inchiding  attached  stipulations, 
and  the  guidelines  provided  by  this 
Order  or  other  land  use  documents. 
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Each  drilling  plan  shall  contain  a 
description  of  the  drilling  program  and 
surface  use  program.  The  BLM  shall 
send  a  copy  of  appropriate  parts  of  the 
plan  to  any  other  involved  SMA  and 
may  send  a  copy  of  the  plan  to  other 
interested  Federal.  State,  and  local 
agencies.  All  information  identified  as 
proprietary  by  the  applicant  pursuant  to 
43  CFR  3162.8.  formerly  30  CFR  221.33, 
shall  first  be  deleted.  The  drilling 
program  shall  include  a  description  of 
the  pressure  control  system  and 
circulation  mediums,  the  testing,  logging 
and  coring  program,  pertinent  geelogic 
data,  and  information  on  expected 
problems  andliazards.  The  drilling 
program  shall  be  reviewed  for  adequacy 
by  BLM.  The  criteria/standards  set  forth 
in  the  operational  manual  section 
(currently  designated  CDM  643.1.3E 
Technical  Considerations),  or  in  effect  at 
the  time  of  submission  of  the  APD, 
generally  will  bejutilized  in  evaluating 
the  technical  adequacy  of  a  proposed 
drilling  plan.  If  the  program  is 
considered  adequate,  BLM  shall  require 
modification  of  the  drilling  program. 

The  sxirface  use  program  shall  contain 
a  description  of  the  road  and  drill  pad 
location  and  construction  methods  for 
containment  and  disposal  of  waste 
material,  and  other  pertinent  data  as  the 
authorized  officer  may  require.  The 
surface  use  program  shall  provide  for 
safe  operations,  adequate  protection  of 
surface  resources  and  uses  and  other 
environmental  components,  and  shall, 
for  Federal  and  Indian  surface,  include 
adequate  measures  for  reclamation  of 
disturbed  lands  no  longer  needed  for 
either  drilling  or  other  subsequent 
operations.  Where  the  surface  is 
privately  owned,  the  authorized  officer 
may  require  the  submission  of  the 
reclamation  plan  between  the  lessee  or 
operator  and  landowner  in  order  to 
determine  if  it  is  adequate  to  protect 
nearby  Federal  and  Indian  surface  from 
significant  impacts  generated  by  the 
operation.  In  developing  the  surface  use 
program,  the  lessee  or  operator  shall 
make  use  of  such  information  as  is 
available  from  the  involved  SMA 
concemng  the  surface  resources  and 
uses,  environmental  considerations,  and 
local  reclamation  procedures.  The 
surface  use  program  shall  be  reviewed 
for  adequacy  by  BLM  and  by  any  other 
involved  SMA.  The  criteria/standards 
set  forth  in  the  Surface  Operating 
Standards  for  Oil  and  Gas  Exploration 
and  Development  Handbook,  Second 
Edition,  August  1978,  or  as  subsequently 
revised,  generally  shall  be  utilized  in 
evaluating  the  adequacy  of  a  proposed 
surface  use  plan.  If  the  surface  use 
program  is  considered  inadequate,  BLM 


shall,  in  consultation  with  any  other 
involved  SMA,  require  modifications  or 
amendment  of  the  program  or  otherwise 
set  forth  stipulations  or  conditions  of 
approval  as  are  necessary  for  the 
protection  of  surface  resources/uses  and 
the  environment,  and  for  the 
reclamation  of  the  areas  to  be  disturbed 
when  no  longer  needed  for  operational 
purposes. 

a.  Guidelines  for  Preparing  Drilling 
Program.  The  following  information 
shall  be  included  as  p^rt  of  the  drilling 
plan  but  shall  be  made  specific  to  each 
well  if  the  plan  covers  more  than  one 
well: 

(1)  Estimated  tops  of  important 
geologic  markers. 

(2)  Estimated  depths  at  which  the  top 
and  the  bottom  of  anticipated  water 
(particularly  fresh  water),  oil.  gas  or 
other  mineral-bearing  formations  are 
expected  to  be  encountered  and  the 
lessee's  or  operator's  plans  for 
protecting  such  resources. 

(3)  Lessee's  or  operator's  minimum 
specifications  for  pressure  control 
equipment  to  be  used  and  a  schematic 
diagram  thereof  showing  sizes,  pressure 
ratings  (or  API  series),  and  the  testing 
procedures  and  testing  frequency. 

(4)  Any  supplementary  information 
more  completely  describing  the  drilling 
equipment  and  casing  program  as  set 
forth  on  Form  3160-3. 

(5)  Type  and  characteristics  of  the 
proposed  circulating  medium  or 
mediums  to  be  employed  in  drilling,  the 
quantities  and  types  of  mud  and 
weighting  material  to  be  maintained, 
and  the  monitoring  equipment  to  be 
used  on  the  mud  system. 

(8)  The  anticipated  type  and  amount 
of  testing,  logging,  and  coring. 

(7)  The  expected  bottom  hole  pressure 
and  any  anticipated  abnormal  pressures 
or  temperatures  or  potential  hazards, 
such  as  hydrogen  sulfide,  expected  to  be 
encountered,  along  with  contingency 
plans  for  mitigating  such  identifi^ed 
hazards. 

(8)  Any  other  facets  of  the  proposed 
operation  which  the  lessee  or-^perator 
wishes  to  point  out  for  BLM's 
consideration  of  the  appHcation. 

(b)  Guidelines  for  Preparing  Surface 
Use  Program.  In  preparing  this  program, 
the  lessee  or  operator  shall  submit 
maps,  plats,  and  narrative  descriptions 
which  adhere  closely  to  the  following 
(maps  and  plats  should  be  of  a  scale  no 
smaller  than  1:24,000  unless  otherwise 
stated  below): 

(1)  Existing  Roads.  A  legible  map 
(USGS  topographic,  county  road,  Alaska 
Borough,  or  other  such  map),  labeled 
and  showing  the  access  route  to  the 
location,  shall  be  used  for  locating  the 
proposed  well  site  in  relation  to  a  town 


(village)  or  other  locatable  point,  such  as 
a  highway  or  county  road,  which 
handles  the  majority  of  the  through 
traffic  to  the  general  area.  The  proposed 
route  to  the  location,  including 
appropriate  distances  from  the  point 
where  the  access  route  exits  established 
roads,  shall  be  shown.  All  access  roads 
shall  be  appropriately  labeled.  Any 
plans  for  improvement  and/or  a 
statement  that  existing  roads  will  be 
maintained  in  the  same  or  better 
condition  shall  be  provided.  Existing 
roads  and  newly  constructed  roads  on 
surface  under  the  jurisdiction  of  an  SMA 
shall  be  maintained  in  accordance  with 
the  standards  of  the  SMA. 

Information  required  by  items  (2),  (3), 
(4).  (5).  (6),  and  (8)  of  this  subsection 
also  may  be  shown  on  this  map  if 
appropriately  labeled  or  on  a  separate 
plat  or  map. 

(2)  Access  Roads  to  Be  Constructed 
and  Reconstructed.  All  permanent  and 
temporary  access  roads  that  are  to  be 
constructed,  or  reconstructed,  in 
connection  With  the  drilling  of  the 
proposed  well  shall  be  appropriately 
identified  and  submitted  on  a  map  or 
plat.  Width,  maximum  grade,  major  cuts 
and  nils,  turnouts,  drainage  design, 
location  and  size  of  culverts  and/or 
bridges,  fence  cut  and/or  cattleguards, 
and  type  of  surfacing  material,  if  any, 
shall  be  stated  for  all  construction.  In 
addition,  where  permafrost  exists,  the 
methods  for  protection  from  thawing 
must  be  indicated.  Modification  of 
proposed  road  design  may  be  requird 
during  the  onsite  inspection. 

Information  also  should  be  furnished 
to  indicate  where  existing  facihties  may 
be  altered  or  modified.  Such  facilities 
include  gates,  cattleguards,  culverts,  and 
bridges  which,  if  installed  or  replaced, 
shall  be  designed  to  adequately  carry 
anticipated  loads. 

(3)  Location  of  Existing  Wells.  It  is 
recommended  that  this  information  be 
submitted  on  a  map  or  plat  and  include 
all  wells  (water,  injection  or  disposal, 
producing,  and  drilling)  within  a  1-mile 
radius  of  the  proposed  location. 

(4)  Location  of  Existing  and  lor 
Proposed  Facilities  if  Well  Is 
Productive. 

(a)  On  well  pad — A  map  or  plat  shall 
be  included  showing,  to  the  extent 
known  or  anticipated,  the  location  of  all 
production  facilities  and  lines  to  be 
installed  if  the  well  is  successfully 
completed  for  production. 

(b)  Off  well  pad — A  map  or  plat  shall 
be  included  showing  to  the  extent 
known  or  anticipated,  the  existing  or 
new  prdduction  facilities  to  be  utilized 
and  the  lines  to  be  installed  if  the  well  is 
successfully  completed  for  production.  If 


constnictioiu  the  dimensions  of  the 
ity  layout  aro  t(?  be  shown, 
iie  infonnation  required  under  (a) 
]  above  is  not  known  and  cannot  be 
rately  presented  and  the  well 
equently  is  completed  for 
action,  the  operator  shall  then 
)ly  with  section  IV.  of  this  Order. 
Location  and  Type  of  Water 
ly  (Rivers.  Creeks,  Springs,  Lakes. 
^s,  and  Wells).  This  information 
be  shown  by  quarter-quarter 
on  on  a  map  or  plat  or  may  be  a 
en  description.  The  source  and 
iportation  method  foi^il  water  to 
led  in  drilling  the  proposed  well 
be  noted  if  the  source  is  located  on 
ral  or  Indian  lands  or  if  water  is  to 
led  from  a  Federal  or  Indian  project 
!  water  is  obtained  from  other  than 
ral  or  Indian  lands.,only  the 
ion  need  be  identified.  Any  access 
s  crossing  Federal  or  Indian  lands 
are  needed  to  haul  the  water  shall 
•scribed  in  items  G.4.b.  (!)  and  (2), 
>propriate.  If  a  water  supply  well  is 
drilled  op  the  lease,  it  shall  be  so 
d  under  this  item,  and  the 
3rized  officer  of  BLM  may  require 
lling  of  a  separate  APD. 
Construction  Materials,  The  lessee 
lerator  shall  state  the  character  and 
ided  use  of  all  construction 
rials,  such  as  sand,  gravel  stone 
loil  material  If  the  materials  to  be 
are  Federally-owned,  the  proposed 
:e  shall  be  shown  by  either  quarter- 
Ler  section  on  a  map  or  plat,  or  a 
en  description.  The  use  of  materials 
r  BLM  jurisdiction  is  governed  by 
TR.  3610,2-3.  The  authorized  officer 
inform  the  lessee  or  operator  if  the 
rials  may  be  used  free  of  charge  or 
application  for  sale  is  required.  If 
laterials  to  be  used  are  Indian 
id  or  under  the  jurisdiction  of  SMA 
*  than  BLM.  the  specific  tribe  and  or 
Superintendent  of  BIA,  or  the 
Dpriate  SMA  office  shall  be 
icted  to  determine  the  appropriate 
idure  for  use  of  the  materials. 
Methods  for  Handling  Waste 
jsal.  A  written  description  shall  be 
I  of  the  methods  and  locations 
3sed  for  safe  containment  and 
jsal  of  each  type  of  waste  material 
cuttings,  garbage,  salts,  chemicals, 
ige.  etc.)  that  results  ftum  the 
ng  of  the  proposed  well  Likewise, 
arrative  shall  include  plans  for  the 
tual  disposal  of  drilling  fiuids  and 
)roduced  oil  or  water  recovered 
ig  testing  operations. 
Ancillary  Facilities.  The  plans,  or 
^quent  amendments  to  such  plans, 
identify  all  ancillary  facilities  such 
mps  and  airstrips  as  to  their 
ion,  land  area  required,  and  the 


methods  and  standards  to  be  employed 
in  their  constructioa.  Such  facilities  shall 
be  shown  on  a  map  or  plat  The 
approximate  center  of  proposed  camps 
and  the  center  line  of  airstrips  shall  be 
staked  on  the  ground. 

(9j  Weil  Site  Layout  A  plat  of  suitable 
scale  (not  less  than  i  inch  ^  50  feet] 
showing  the  proposed  drill  pad  and  its 
location  with  respect  to  topographic 
features  is  required.  Cross  section 
diagrams  of  the  drill  pad  showing  any 
cuts  and  fills  and  the  relation  to 
topography  are  also  required.  The  plat 
shall  also  include  the  proposed  location 
of  the  reserve  and  bum  pits,  access 
roads  onto  the  pad.  turnaround  areas, 
parking  areas,  living  facilities,  soil 
material  stockpiles,  and  the  orientation 
of  the  rig  with  respect  ttf  the  pad  and 
other  facilities.  Plans,  if  any,  to  line  the 
reserve  pit  shall  be  detailed. 

(10)  Plans  for  Reclamation  of  the 
Surface.  The  program  for  surface 
reclamation  upon  completion  of  the 
operation,  such  as  configuration  of  the 
reshaped  topography,  drainage  system, 
segregation  of  spoils  materials,  surface 
manipulations,  waste  disposal 
revegetation  methods,  and  soil 
treatments,  plus  otherpractices 
necessary  to  reclaim  all  disturbed  areas, 
including  any  access  roads  or  portions 
,of  well  pads  when  no  longer  needed, 
ishall  be  stated.  An  estimate  of  the  time 
for  commencement  and  completion  of 
reclamation  operati(Hi8.  dependent  on 
weather  conditions  and  other  local  uses 
of  the  area,  shall  be  provided. 

(11)  Surface  Ownership.  The  surface 
ownership  (Federal  Indian,  State  or 
private)  at  the  well  location,  and  for  all 
lands  crossed  by  roads  which  are  to  be 
constructed  or  upgraded,  shall  be 
indicated.  Where  the  surface  of  the  weii 
site  is  privately  owned,  the  operator 
shall  provide  the  name,  address  and 
telephone  number  of  the  surface  owner, 
unless  previously  provided. 

(12)  Other  Information.  The  lessee  or 
operator  is  encouraged  to  submit  any 
additional  information  that  may  be 
helpful  in  processing  the  application. 

(13)  Lessee's  or  Operator's 
Representative  and  Certification.  The 
name,  address  and  telephone  number  of 
the  lessee's  or  operator's  field 
representative  shall  be  included.  The 
lessee  or  operator  submitting  the  APD 
shall  certify  as  follows: 

I  hereby  certify  that  I  or  persons 
under  my  direct  supervision,  have 
inspected  the  proposed  drill  site  and 
access  route:  that  I  am  familiar  with  the 
conditions  which  currently  exist;  that 
the  statements  made  in  this  plan  are.  to 
the  best  of  my  knowledge,  true  and 
correct  and  that  the  work  associated 
with  operations  proposed  herein  will  be 


performed  by  > — — =  and  its 

contractors  and  subcontractors  in 
conformity  with  this  plan  and  the  terms 
and  conditions  under  wiiich  it  is 
approved.  This  statement  is  subject  to 
the  provisions  of  18  UoS.C.  1001  for  the 
filing  of  a  false  statement 

Name  aed  Title  •=->=- . 

5.  Environmental  Review 
Requirements. 

When  an  onsite  inspection  is 
conducted,  it  shall  be  made  by 
representatives  oi  the  authorized  officer 
and  the  operator,  and  other  interested 
parties  such  as  the  involved  SMA,  the 
appropriate  Alaska  Borough  (when  a 
subsistence  stipulation  is  part  of  the 
lease),  and  the  operator's  principal 
(construction  and  drilling)  contractors.  It 
is  recommended  that,  when  appropriate, 
the  operator's  surveyor  and  archeoiogist 
should  also  participate  in  the  inspection. 
The  purpose  of  this  inspection  shall  be 
to  ensure  the  staked  location,  access 
roads  and  other  areas  proposed  for 
surface  disturbance  are  geologically  and 
environmentally  acceptable,  giving 
appropriate  consideration  to  all 
applicable  Federal  laws  and  regulations. 
Lessees  and  operators  are  encouraged  to 
designate  their  future  drilling  sites  so 
that  several  locations  may  be  inspected 
at  one  time. 

a.  Federal  Responsibilities,  When  an 
inspecHoa  is  made,  the  information 
obtained  shall  be  utilized  by  BLM  in 
appraising  the  environmental  eH^ects 
associated  with  the  proposed  action  and 
in  preparing  pertinent  pordons  of  the 
requiried  environmental  documentation. 
As  the  approving  agency,  ELM  hat  the 
lead  responsibility  for  completing  the 
environmental  review  process  and 
establishing  the  terms  and  conditions 
under  which  the  proposed  action  may  be 
approved.  The  conduct  of  the 
environmental  review  process,  under  the 
Department  of  the  Interior's 
implementing  procedures  pursuant  to 
the  National.Environmental  Policy  Act 
will  resuh  in  the  preparation  of  a  Record 
of  Review  (ROR)  and/or  an  EA. 
consistent  with  pertinent  regolations 
and  procedures.  This  review  shall 
identify  the  probable  and  potential 
envlronmentai  impacts  associated  with 
the  proposal  and  methods  for  mitigating 
these  impacts  and  shall  be  the  basis  of 
the  approving  official's  determination's 
to  whether  approval  of  the  proposed 
activity  would  or  would  not  constitute  a 
major  Federal  action  significantly 
affecting  the  quality  of  the  human 
environment  as  defined  by  section 
102(2)(C)  of  the  National  Environmental 
Policy  Act  of  1969.  A  "would  constitute" 
determination  shall  necessitate  the 
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preparation  of  an  EIS.  In  that  case,  final 
action  on  the  APD  shall  not  be  taken 
until  the  EIS  and  Record  of  Decision  are 
completed. 

b.  Other  Considerations.  Lessees  and 
operators  are  strongly  encouraged  to  file 
their  NOS  and/or  complete  APD  at  least 
30  days  in  advance  of  the  time  when 
they  wish  to  commence  operations  and 
to  consult  with  the  involved  SMA  as 
early  as  possible  to  identify  potential 
areas  of  concen>  (see  sections  III.  E.  and 
F.). 

rv.  Subsequent  Operations. 
Subsequent  operations  shall  be 
conducted  in  accordance  with  43  CFR 
Part  3160.  formerly  30  CFR  221. 
However,  where  the  proposed 
subsequent  operation  will  result  in  the 
well  being  converted  for  injection 
purposes  (disposal  or  production 
enhancement),  lessees  and  operators 
also  shall  obtain  an  underground 
injection  permit  from  EPA  or  the  State, 
where  the  State  has  achieved  primacy. 
Any  information  submitted  in  support  of 
obtaining  that  permit  shall  be  accepted 
by  the  authorized  officer  of  BLM  to  the 
extent  that  it  satifies  the  information 
submittal  requirements  of  this  Order. 
A.  Well  and  Production  Operations. 
Before  conducting  further  well 
operations  that  involve  change  in  the 
original  plan,  a  detailed  written 
statement  of  the  work  shall  be  filed  on 
Form  3160-5  or  3160-3 ,  as  appropriate, 
with  the  authorized  officer  and  approval 
obtained  before  the  work  is  started. 
These  operations  include  redrilling, 
deepening,  performing  casing  repairs, 
plugging-back.  altering  casing, 
perfonning  nonroutine  fracturing  jobs, 
recompleting  in  a  different  interval, 
performing  water  shut-off,  and 
converting  to  injection  or  disposal. 
Within  30  days  of  the  completion  of  such 
operations,  a  subsequent  report  shall  be 
filed  on  Form  3160-5  and,  if  the  well  is 
recompleted,  a  recompletion  report  on 
Form  3160-4,  pursuant  to  43  CFR  3162.3- 
2  and  the  information  collection 
approval  note,  formerly  30  CFR  221.27 
and  221.2-1. 

Unless  additional  surface  disturbance 
is  involved  and  so  long  as  the  operations 
conform  to  the  standard  of  prudent 
operating  practice,  no  prior  approval  is 
required  for  routine  fracturing  or 
acidizing  jobs,  or  recompletion  in  the 
saihe  interval,  but  a  subsequent  report 
of  these  operations  shall  be  filed  on 
Form  3160-5,  formerly  9-331,  within  30 
days  of  completion,  pursuant  to  43  CFR 
3162-2.3  and  the  information  collection 
approval  note,  formerly  30  CFR  221.27 
and  221.2-1. 

Neither  prior  approval  nor  a 
subsequent  report  is  required  for  well 


clean-out  work,  routine  well 
maintenance  (such  as  pump,  rods,  and 
tubing  work),  or  for  repair,  replacement, 
or  modification  of  surface  production 
equipment,  provided  no  additional 
surface  disturbance  is  involved. 
However,  the  modification  of  any 
production,  treatmg,  and  measurement 
facilities  shall  require  the  submission  of 
a  revised  schematic  diagram  within  30 
days  of  the  completion  of  such 
operations,  pursuant  to  43  CFR  3162.7-2, 
formerly  30  CFR  221.34. 

B.  Surface  Disturbing  Operations. 
Pursuant  to  43  CFR  3162.3-2  and  3162.3- 
3.  formerly  30  CFR  221.27  and  221.28, 
lessees  and  operators  shall  submit,  for 
the  approval  of  the  authorized  officer,  a 
proposed  plan  of  operations  on  Form 
3160-5  prior  to  undertaking  any 
subsequent  new  construction, 
reconstruction,  or  alteration  of  existing 
facilities  including,  but  not  Hmited  to, 
roads,  emergency  pits,  firewalls, 
flowlines,  or  other  production  facilities 
on  any  lease  when  additional  surface 
disturbance  will  result.  If,  at  the  time  the 
original  APD  was  filed,  the  lessee  or 
operator  elected  to  defer  submitting 
information  for  item  III.G.4.b.(4), 
"Location  of  Existing  and/or  Proposed 
Facilities  if  Well  is  Productive,"  the 
lessee  or  operator  shall  supply  this 
information  for  approval  prior  to 
construction  and  installation  of  the 
facilities.  The  authorized  officer,  in 
consultation  with  any  other  involved 
SMA,  may  require  a  field  inspection 
before  approving  the  proposal. 

C.  Emergency  Repairs.  Emergency 
repairs  may  be  conducted  without  prior 
approval  provided  that  the  authorized 
officer  is  promptiy  notified.  Sufficient 
information  shall  be  submitted  to  permit 
a  proper  evaluation  of  any  resultant 
surface  disturbing  activities  as  well  as 
any  planned  accommodations  necessary 
to  mitigate  potential  adverse 
environmental  effects. 

D.  Environmental  Review.  The 
environmental  review  procedures 
discussed  in  section  III.G.5.  of  this  Order 
shall  also  apply  to  subsequent 
operations  which  involve  additional 
surface  distiirbance. 

V.  Well  Abandonment.  No  well 
abandonment  operations  may  be 
commenced  without  the  prior  approval 
of  the  authorized  officer.  In  the  case  of 
newly  drilled  dry  holes  or  failures  and  in 
emergency  situatiqns,  oral  approval  may 
be  obtained  from  the  authorized  officer 
subject  to  prompt  written  confirmation. 
For  old  wells  not  having  an  approved 
abandonment  plan,  a  sketch  showing 
the  disturbed  area  and  roads  to  be 
abandoned,  along  with  the  proposed 


reclamation  measures,  shall  be 
submitted  with  Form  3160-5.  On  Federal 
and  Indian  surface,  the  appropriate 
SMA  may  request  additional 
reclamation  measures  at  abandonment, 
which  normally  shall  be  made  a  part  of 
BLM's  approval  of  abandonment.  Within 
30  days  following  completion  of  the  well 
abandonment,  the  lessee  or  operator 
shall  file  with  the  authorized  officer  of 
BLM  a  Subsequent  Report  of 
Abandonment  on  Form  3160-5,  in 
accordance  with  43  CFR  Part  3160. 
formerly  30  CFR  Pari  221.  Upon 
completion  of  reclamation  operations, 
the  lessee  or  operator  shall  notify  the 
authorized  officer  when  the  location  is 
ready  for  inspection,  via  an  additional 
Form  3160-5.  Final  abandonment  shall 
not  be  approved  until  the  surface 
reclamation  work  required  by  the 
approved  drilling  permit  or  approved 
abandonment  notice  has  been 
completed  to  the  satisfaction  of  the 
involved  SMA! 

VI.  Water  Well  Conversion.  The 
complete  abandonment  of  a  well  which 
has  encountered  usable  fresh  water 
shall  not  be  approved  if  the  SMA  or 
surface  owner  wants  to  acquire  the  well. 
If,  at  abandonment,  the  SMA  or  surface 
owner  elects  to  assume  further 
responsibility  for  the  well,  the  SMA  or 
surface  owner,  as  appropriate,  shall 
reimburse  the  lessee  or  operator  for  the 
cost  of  any  recoverable  casing  or 
wellhead  equipment  which  is  to  be  left 
in  or  on  the  hole  solely  because  it  is  to 
be  completed  as  a  water  well.  The 
lessee  or  operator  shall  abandon  the 
well  to  the  base  of  the  deepest  fresh 
water  zone  of  interest,  as  required  by 
the  authorized  ofi'icer.  and  shall 
complete  the  surface  cleanup  and 
reclamation,  as  required  by  the 
approved  drilling  permit  or  approved 
abandonment  notice,  immediately  upon 
completion  of  the  conversion  operations. 

VII.  Privately  Owned  Surface. — A. 
Federal  oil  and  gas  leases.  Where  the 
well  site  and  access  road  surface  are 
privately  owned  or  are  held  in  trust  for 
Indian  benefit,  the  lessee  or  operator  is 
responsible  for  reaching  an  agreement 
with  BLA  or  the  private  surface  owner  as 
to  the  requirements  for  the  protection  of 
surface  resources  and  reclamation  of 
disturbed  areas  and/or  damages  in  lieu 
thereof.  However,  if  the  authorized 
officer  or  any  other  involved  SMA 
determines  that  the  surface  of  Federal  or 
Indian-owned  lands  in  proximity  to  the 
proposed  well  site  or  access  road  on 
private  surface  will  be  significantly 
affected,  the  lessee  or  operator  may  be 
required  to  furnish  a  copy  of  any 
existing  agreement  between  the  lessee 
or  operator  and  the  surface  owner  to  the 
authorized  officer.  If  the  agreement  on 


private  siirface  is  considered  inadequate 
to  protect  the  surface  of  adfacent 
Federal  or  Indian-K3%vned  lands^  the 
authorized  officer  or  other  involved 
SMA  may  prescribe  additional  measures 
to  protect  the  adjacent  Federal  or  Indian 
lands.  In  the  event  ther@  is  so  agreement 
between  the  surface  owner  and  the 
operator,  the  operator  may  comply  with 
the  provisions  of  the  law  or  the 
regulations  governing  the  Federal  or 
Indian  right  of  reentry  to  the  surface 
(See  Subpart  3814  of  this  title)  and  the 
authorized  oHicer  may  then  proceed  to 
issue  the  permit 

B.  Indian  oil  and  gas  leases.  Where 
the  well  site  and  access  road  surface  are 
privately  owned  or  are  held  in  trust  for 
an  Indian  or  Indian  tribe  other  than  the 
owner  of  the  oil  and  gas  rights,  the 
lessee  or  operator  is  responsible  for 
reaching  an  agreement  with  the  surface 
owner  (or  the  BIA  if  the  surface  is  held 
in  trust  for  numerous'  or  unjocatable 
Indian  owners)  as  to  the  requirement  for 
the  protection  of  surface  resources  and 
reclamation  of  disturbed  areas  and/or 
damages  in  lieu  thereof.  However,  if  the 
authorized  officer  or  any  other  involved 
SMA  determines  that  the  surface  of 
Federal  or  Indian<owned  lands  in 
proximity  to  the  proposed  well  site  or 
access  road  on  private  surface  will  be 
significantly  affected,  the  lessee  or 
operator  may  be  required  to  furnish  the 
authorized  officer  a  copy  of  any  existing 
agreement  between  the  lessee  or 
operator  and  the  surface  owner.  If  the 
agreement  on  private  surface  is 
considered  inadequate  to  protect  the 
surface  of  adjacent  Federal  or  Indian- 
owned  lands,  the  authorized  officer  or 
other  involved  SMA  may  prescribe 
additional  measures  to  protect  the 
adjacent  Federal  or  Indian-owned  lands. 
In  the  event  there  is  no  agreement 
between  the  surface  owner  ami  the 
operator,  the  authorized  officer  may 
permit  the  operator  to  conduct 
operations  if  he/she  determines  that.  (1) 


a  good  faith  effort  has  been  made  by  the 
operator  to  reach  agreement  with  the 
surface  ownen  (2|  adequate  security  is 
posted,  in  the  form  of  a  bond,  escrow 
account  or  by  other  means,  to 
compensate  the  surface  o%(mer  for  any 
damages;  and  (3)  there  is  no  legal 
obstacle  to  conducting  operations  in  the 
absence  of  surface  o%vner  consent. 

Vin.  Reports  and  Activities  Required 
After  Well  Completion.  Within  30  days 
after  the  well  completion,  the  lessee  or 
operator  shall  furnish  Z  copies  of  Form 
3160-4,  formerly  9-330  (Well  Completion 
or  Recompletion  Report  and  Log]  to  the 
authorized  officer.  However,  no  later 
than  the  fifth  business  day  after  any 
well  begins  production  anywhere  on  a 
lease  site  or  allocated  to  a  lease  site,  or 
resumes  production  in  the  case  of  a  well 
that  has  been  off  production  for  more 
than  90  days,  the  lessee  or  operator  shall 
notify  the  authorized  officer  of  the  date 
on  which  production  has  begun  or 
resumed. 

The  notification  may  be  provided 
orally  if  promptly  confirmed  in  «vriting. 

Dated  August  9, 1983. 
Jeffrey  F.  ZaUer, 

Acting  Assistant  Director  for  Flaid  Leasable 
Minerals. 

Approved: 

Dated  August  17. 1983. 

Aaold  E.  Patty. 

Acting  Associate  Director,  Suream  of  Load 
Management. 
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Attachment  A 


SAMPLE   FOR>IAT 


NOTICE  OF  STAKING 

(Not  to  be  used  In  place  of 

Application  for  Perclt  to  Drill  Form  3160-3  ) 


6.  Lease  Number 


011J^i^7^sJ■ 

<2r 


Gas  Well 


Other 
(Specify) 


7.  If  Indian,  Allottee  or 
Tribe  Name 


2 .   Name  of  Op 


8.   Unit  Agreeaent  Name 


Name  of  Spec\fJrc  Contact  Person: 


9.   Farm  or  Lease  Name 


A.  Address  &  Phone  No 


tor  or  Agent 


10.   Well  No. 


5.   Surface  Location  of  Wei 


Attach:   a)  Sketch  showing  r(5/G y&nrry  ijnto  pad, 
pad  dimensions,  arVc  rV»«*^e  pit. 
b)  Topographical  or  other  accept 
map  showing  location,  access 
and  lease  boundaries. 


11.   Field  or  Wildcat  Name 


12.   Sec. ,  T. ,  R. ,  M.,  or  Blk 
and  Survey  or  Area 


15.   Formation  Objective(s)   1  16.  Estimated  Well 

I     Depth. 
I 
I 


ounty.  Parish   I  14.  State 
or  Borough      | 

I 


17.   Additional  Information  (as  appropriate;  must  include  surface  owner's  name, 
address,  and  telephone  number) 


13.   Signed 


Title 


Date 


^ote:   Upon  receipt  of  this  Notice,  the  Bureau  of  Land  Management  (BLM)  will  schedule 
the  date  of  the  onsite  predrill  inspection  and  notify  you  accordingly.   The 
location  must  be  staked  and  access  road  must  be  flagged  prior  to  the  onsite. 

Operators  must  consider  the  following  prior  to  the  onsite: 

a)  H2S  Potential 

b)  Cultural  Resources  (Archeology) 

c)  Federal  Right  of  Way  or  Special  Use  Permit 


IMPORTANT:   SEE  REVERSE  SIDE  FOR  INSTRUCTIONS 


BILLING  CODE  4310-94-C 


itions  for  Preparatioa  of 
mentA 

»rah  This  provides  notice  to  the 
t  of  Land  Management  (BLM)  that 
;  has  been  (or  will  be}  completed 
11  locations  on  Federal  or  Indian 
and  serves  as  a  request  to 
lie  an  onsite  inspectiono  The 
il  and  one  copy  of  this  notice. 
>r  with  a  map  aiid  sketcL.  should 
mitted  to  the  appropriate  BLM 

item  not  completed  may  be 

ation  for  not  promptly  scheduling 

site  inspectioa. 

ufic  Considerations:  Items 

>d  herein  should  be  reviewed  and 

ted  thoroughly  prior  to  the  onsite. 

items  affect  placement  of 

m.  road,  and  facilities.  Failure  to 

pared  with  complete,  accurate 

ation  at  the  onsite  may 

itate  later  re-evaiuation  of  the  site 

!  additional  onsite  inspection., 

iS  Potential:  Prevailing  winds, 

>  routes,  and  placement  of  living 
rs  must  be  considered. 

Liltural  Resources:  Archeorogk:al 
s,  if  required,  should  be  done 
3.  during  or  immediately  following 
site.  Changes  in  location  due  to 
luent  archeological  findings  may 

>  an  additional  onsite.  Contact 
ed  Surface  Management  Agency 

for  detailed  site  specific 
sments. 

ideral  Right-of-Way  or  Special 
irmit:  Access  roads  outside  the 
old  boundary  whicb  cross  Federal 
will  require  a  right-of-way  grant  or 


special  use  permit  and  should  be 
discussed  with  the  BLM  or  other 
involved  SMA  at  the  time  of  filing  the 
Notice  of  Staking. 

Supplementoi  Checklist-  The 
following  items,  if  applicable,  should  be 
submitted  with  or  prior  to  the 
Application  For  Permit  to  Drill  (APD)  to 
ensure  timely  approval  of  the 
application.  Contact  the  BLM  regarding 
specific  requirements  relating  to  each 
item. 

a:  Bonding. 

b.  Designation  of  Operator. 

c.  Report  of  Cultural  Resources/ 
Archeology. 

d.  HsS  Contingency  Plan. 

e.  Status  of  Plan  of  Development  and 
Designation  of  Agent  for  wells  in 
Federal  units. 

f.  Federal  Right-of-Way  (BLM)  or 
Special  Use  Permit  (Forest  Service). 

Timetable.  The  onsite  inspection  will 
be  scheduled  and  conducted  by  the  BLM 
within  IS  days  after  receipt  of  this 
notice.  Surface  protection  and 
rehabilitatioo  requirements  will  he  siade 
known  to*  the  operator  by  the  BLM 
during  the  onsite  or  no  later  than  S 
working  days  from  the  date  of 
inspection,  barring  unusual 
circumstances.  These  requirements  are 
to  be  incorporated  into  the  complete 
APD.  However,  fhie  does  not  exchide 
die  posslbilily  of  additional  conditions 
of  approval  being  imposed. 

Attachments 

Datet—  .^— — — — — — — — — — 


Bureau  of  Land  Management 

Checklist  for  Applicant  Notification 

Receipt  and  Acceptability  of 
Application  for  Permit  To  Drill  (APD) 

Lease  No.' 
Well  No. 
Lessee- 
Opera  tor*' 


^ 


Date  APD  Received--^ 

l.—APD  complete  as  submitted. 

2.-~APD  is  deficient  in  the  following 
area(s)  and  (see  items  3. 4,  or  5  below): 
—Designation  of  Operator 
—Designation  of  Agent 

under  unit  agreement 

—■Bonding 
^-Cultural  Resources  Report  (depends 

on  Federal  Surface  Management. 

Agency's  Requirements 
— Fonu9-33lC 
—Drilling  Plan 
—Other 
(Refer  to  attachment(s)  for  any  specifics) 

3.— APD  is  retained;  to  be  processed 
upon  receipt  of  ftirther  information  as 
noted  above. 

4.— APD  is  being  processed:  final 
action  pending  receipt  of  further 
information  as  noted  above. 

5.-~-APD  is  retivned  for  the  following 
seasons: — =-— — — 


Note:'"  A  returned  APD  herewith  may  be 
resubmitted  when  convenient  at  which  time  tt 
will  be  reviewed  again,  for  technical  and 
adnioistrative  completenesei 

A  retained  but  deficient  APD  must  be 
brought  to  a  technically  and  administratively 
acceptable  level  of  completion  within  45  days 
of  the  date  of  this  notice  or  the  application 
will  be  returned  unapproved. 

iM  One.  S}-2astf  niad  ia»-20-t3taMe  sa\ 
MU»*e  COCC.  111118  II  H 

Dated:  September  21.  IWJS. 
Harold  W.  Furman  II, 
Acting  Assistant  Secretary  of  the  Interior. 
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UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
GEOLOGICAL  SURVEY 
CONSERVATION  DIVISION 


OFFICE  OF 

CONSERVATION   MANAGER 

CENTRA!  Rrr»r>- 


Notice  to  Lessees  and  Operators 
of  Federal\  and  Indian  Oil  and  Gas  Leases 

(NTL-2B) 


Disposal  of  Produced  Water 


This  Notice  supersedes  NTL-2  and  2A  and  is  issued  pursuant 
to  the  authority  prescribed  in  30  CFR  221.4  and  221.32.   Lessees 
and  operators  of  onshore  Federal  and  Indian  oil  and  gas  leases 
or  fee  and  State  leases  committed  to  federally  supervised 
unitized  or  communitized  areas  shall  comply  with  the  following 
requirements  for  the  handling,  storing,  or  disposing  of  water 
produced  from  oil  and  gas  wells  on  such  leases. 

As  used  in  this  Notice,  the  term  "District  Engineer"  means 
the  District  Engineer,  U.S.  Geological  Survey.   However,  in 
the  State  of  Alaska,  the  requirements  of  this  Notice  will  be 
administered  by  the  Area  Oil  and  Gas  Supervisor. 

I   DISPOSAL  REQUIREMENTS  AND  APPLICATIONS  FOR  APPROVAL  OF  DISPOSE 
METHODS 

By  October  I,  1977,  all  produced  water  from  the  above  said 
leases  must  be  disposed  of  by  (I)  injection  into  the  subsurface; 
(2)  lined  pits;  or,  (3)  by  other  acceptable  methods.   All  such 
disposal  methods  must  be  approved  in  writing  by  the  District 
Engineer  regardless  of  the  physical  location  of  the  disposal 
facility.   Any  method  of  disposal  which  has  not  been  approve.-i 
as  of  October  I,  1977,  will  be  considered  as  an  incident  of 
noncompliance  and  will  be  grounds  for  issuing  a  shut-in  order 
until  an  acceptable  manner  for  disposing  of  said  water  is  pro- 
vided and  approved  by  the  District  Engineer.   Lessees  and 
operators  are  encouraged  to  file  applications  in  this  recnrd 
as  promptly  as  possible  and  are  forewarned  that  applicntions 
for  approval  of  exi.Tting  disposal  facilities  which  are  filed 
after  July  I,  1977,  nay  not  be  timely  approved. 


Enc fcv.'r'e  T' 


f 


f 


r  rr 


No  additional  approval  is  required  for  facilities 
previously  approved  by  the  Geolog_cal  Survey  which  involve 
the  disposal  of  produced  water  into  the  subsurface  or  in 
lined  surface  pits.   Likewise,  no  further  approval  is 
necessary  for  existing  injection  facilities  utilized  for 
pressure  maintenance  or  secondary  recovery  operations. 

Lessees  and  operators  who  are  presently  disposing  of 
water  in  unlined  surface  pits  must  timely  file  applications 
with  the  District  Engineer  for  approval  of  present  or  pro- 
posed disposal  methods.   Likewise,  lessees  and  operators  who 
are  presently  disposing  of  produced  water  in  the  subsurface 
or  in  lined  surface  pits  without  approval  of  the  Geological 
Survey  must  also  file  applications  for  approval  thereof  by 
the  District  Engineer. 

The  District  Engineer  may  require  modification  of  any 
disposal  facility  prior  to  October  1,  1977,  whenever  it  is 
determined  that  continued  use  of  such  facility  is  endangering 
the  fresh  water  in  the  area  or  is  otherwise  adversely  affecting 
the  environment. 

Any  application  to  dispose  of  produced  water  must  specify 
the  proposed  method  of  disposal  and  provide  the  information 
necessary  to  justify  the  method.   Required  information  which 
must  be  included  in  applications  for  approval  of  produced 
water  disposal  in  the  subsurface,  in  lined  pits,  or  in  unlined 
pits  is  set  forth  in  Sections  II,  III,  and  IV,  respectively, 
of  this  Notice.   Additional  information  may  be  required  by 
the  District  Engineer  in  individual  cases.   Previous  applica- 
tions filed  in  response  to  NTL-2  and  NTL-2A  which  do  not  meet 
the  data  requirements  of  this  Notice  must  be  supplemented 
or  resubmitted, 

A  single  application  may  be  submitted  for  several  leases 
or  facilities  provided  that  (1)  the  leases  or  facilities  are 
located  in  the  same  field;  (2)  the  produced  water  is  from  the 
same  formation  or  is  of  similar  quality;  (3)  the  volume  and 
source  of  the  water  is  shown  separately  for  each  disposal 
facility;  and,  (4)  the  method  of  disposal  is  the  same  in  every 
case. 

II   DISPOSAL  IN  THE  SUBSURFACE 

If  approval  is  requested  for  subsurface  water  injection  in 
connection  with  secondary  recovery  operations  or  for  disposal 
purposes,  the  lessee  or  operator  must  furnish  information  which 
includes:  . 


f 


c? 


L.   The  designated  name  and  number  of  the  proposed 
dispos  1  well  and  its  location  in  feet  and 
direction  from  the  nearest  section  lines  of  an 
established  survey.   The  applicable  Federal  or 
Indian  oil  and  gas  lease  number  or  other  permit 
and/or  the  ownership  of  the  surface  and  minerals 
if  other  than  Federal  or  Indian, 

2.  The  daily  quantity  and  sources  of  the  produced 
water  and  a  water  analysis  which  includes  total 
dissolved  solids,  pH,  and  the  concentrations  of 
chlorides  and  sulfates. 

3.  The  injection  formation  and  interval, 

4.  The  quality  of  the  fluids  in  the  injection 
interval,  i,e.,  total  dissolved  solids. 

5.  The  depth  and  areal  extent  of  all  usable  water 
(i,e.,  less  than  10,000  ppm  total  dissolved  solids) 
aquifers  in  ^he  area. 

6.  The  size,  weight,  grade  and  casing  points  of  all 
casing  strings,  the  size  hole  drilled  to  accommodate 
each  string,  the  amount  and  type  of  cement,  including 
additives  used  in  cementing  each  string,  and  the  top 
of  the  cement  behind  each  casing  string.   In  addition, 
bond  logs  may  be  required  in  certain  instances. 

7.  The  total  and  plugged  back  depth  of  the  well, 

8.  The  present  or  proposed  method  of  completing  the  well 
for  injection  including  the  type  and  size  of  tubing 
and  packer  to  be  utilized,  the  setting  depth  of  the 
packer,  anticipated  injection  pressure,  and  informa- 
tion concerning  any  corrosion  inhibitor  fluid  which 
is  to  be  placed  in  the  tubing-casing  annulus, 

9.  Plans  for  monitoring  the  system  to  assure  that  injec- 
tion is  confined  to  the  injection  interval  and  measures 
to  be  taken  should  it  be  necessary  to  shut-in  the  dis- 
posal system. 

In  order  to  be  approved,  subsurface  disposal  must  be  confined 
(1)  to  formations  which  contain  water  of  similar  or  poorer  quality 
than  th'»  injected  water  or  (2)  to  formations  that  contain  water  of 
such  poor  quality  as  to  eliminate  any  practical  use  thereof. 


f 
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In  general,  it  will  be  required  that  subsurface  disposal  be 
accomplished  through  tubing  utilizing  a  packer  which  is  designed 
to  hold  pressure  from  above  and  below.  The  packer  should  be  set 
at  a  depth  where  the  casing  is  protected  by  competent  cement  but 
normally  not  more  than  50  feet  above  the  injection  interval. 
Other  procedures  or  methods  of  subsurface  disposal  may  be  approved 
by  the  District  Engineer  when  justified  by  the  lessee  or  operator, 

III  DISPOSAL  IN  LINED  PITS 

Where  approval  is  requested  for  surface  disposal  in  a 
lined  pit,  the  lessee  or  operator  must  supply  information 
which  includes: 

1,  A  topographic  map  of  suitable  scale  which  shows  the 
size  and  location  of  pit, 

2,  The  daily  quantity,  sources  of  the  produced  water, 
and  a  water  analysis  which  includes  the  concentra- 
tions of  chlorides,  sulfates,  and  other  constituents 
which  are  toxic  to  animal,  plant,  or  aquatic  life. 

3,  The  evaporation  rate  for  the  area  compensated  for 
annual  rainfall. 

4,  The  method  for  periodic  disposal  of  precipitated 
solids, 

5,  The  type  of  material  to  be  used  for  lining  the  pit 
and  the  method  of  installation. 

6,  The  method  to  be  employed  for  the  detection  of  leaks 
and  plans  for  corrective  action  should  a  leak  occur 
in  the  liner. 

The  material  used  in  lining  pits  must  be  impervious,  weather- 
resistant,  and  not  subject  to  deterioration  when  contacted  by 
hydrocarbons,  aqueous  acids,  alkalies,  fungi,  or  other  substances 
likely  to  be  contained  in  the  produced  water.   Lined  pits  constructed 
after  the  issuance  of  this  Notice  must  have  an  underlying  gravel- 
filled  sump  and  lateral  system  or  other  suitable  devices  for  the 
detection  of  leaks.   The  District  Engineer  shall  be  provided  an 
opportunity  to  inspect  the'leak  detection  system  prior  to  the 
installation  of  the  pit  liner, 

IV  DISPOSAL  IN  UNLINED  PITS 

Surface  'disposal  into  unlined  pits  will  not  be  considered 

for  approval  by  the  District  Engineer  unless  the  lessee  or  operator 

can  show  by  application  that  such  disposal  meet?  any  one  or  more 
of  the  following  criteria:.- 
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1.  The  water  to  be  disposed  of  has  an  annual  weighted 
average  concentration  of  not  more  than  5,000  ppni  of 
total  dissolved  solids,  provided  that  such  water  does 
not  contain  objectionable  levels  of  any  constituent 
toxic  to  animal,  plant,  or  aquatic  life. 

2.  That  all,  or  a  substantial  part,  of  the  produced 
water  is  being  used  for  beneficial  purposes.   For 
example,  produced  water  used  for  purposes  such  as 
irrigation  and  livestock  or  wildlife  watering  shall 
be  considered  as  being  beneficially  used. 

3.  The  water  to  be  disposed  of  is  not  of  poorer  quality 
than  the  surface  or  subsurface  waters  in  the  area 
which  reasonably  might  be  affected  by  such  disposal 
or  the  surface  and  subsurface  waters  are  of  such 
poor  quality  as  to  eliminate  any  practical  use 
thereof. 

A.   The  volume  of  water  to  be  disposed  of  per  facility 
does  not  exceed  five  barrels  per  day  on  a  monthly 
basis. 

5.   The  specific  method  of  disposal  has  been  granted  a 

surface  discharge  permit  under  the  National  Pollutant 
Discharge  Elimination  System  (NPDES), 

Applications  for  approval  of  unlined  surface  pits  pursuant  to 
exception  Nos,  I,  2,  3,  or  4,  above,  must  include: 

1.  The  daily  quantity  and  sources  of  the  produced  water  and 
for  exception  Nos.  I  through  3,  a  water  analysis  which 
includes  total  dissolved  solids,  pH,  add  the  concentra- 
tions of  chlorides  and  sulfates. 

2.  A  topographic  map  of  suitable  scale  which  shows  the  size 
and  location  of  the  pit« 

3.  The  evaporation  rate  for  the  area  compensated  for  annual 
rainfall. 

»-* 

4.  The  estimated  percolation  rate  based  on  the  soil  charac- 
teristics under  and  adjacent  to  the  pit. 

5.  The  depth  and  areal  extent  of  all  usable  water  (i.e., 
less  than  10,000  ppm  total  dissolved  solids)  aquifers 
in  the  area. 
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Where  beneficial  use  is  the  basis  for  the  application,  the 
justification  submitted  must  contain  written  confirmation  from 
the  user(s)  and  the  water  analysis  must  also  include  the  oil  and 
grease  content,  temperature,  and  the  concentration  of  other  con- 
stituents which  are  toxic  to  animal,  plant,  or  aquatic  life. 

If  the  application  is  made  on  the  basis  that  surface  and 
subsurface  fresh  waters  will  not  be  affected  by  disposal  in 
an  unlined  pit,  the  justification  must  also  include: 

1,  Analyses  of  all  surface  and  subsurface  waters  in 
the  area  which  might  reasonably  be  affected  by 
the  proposed  disposal, 

2,  Maps  or  plats  showing  the  location  of  surface 
waters,  fresh  water  wells,  and  existing  water 
disposal  facilities  within  two  miles  of  the  pro- 
posed disposal  facility, 

3,  Reasonable  geologic  and  hydrologic  evidence 
showing  that  the  proposed  disposal  method  will 
not  adversely  impact  on  existing  water  quality 
or  major  uses  of  such  waters;  the  depth  of 

the  shallowest  fresh  water  aquifer  in  the  area 
and  the  presence  of  any  impermeable  barrier(s). 

4,  A  copy  of  any  State  order  or  other  authorization 
granted  as  a  result  of  a  public  hearing  which  is 
pertinent  to  the  District  Engineer's  consideration 
of  the  application. 

If  the  application  is  for  disposal  pursuant  to  an  NPDES 

permit,  only  a  topographic  map  showing  the  size  and  location 

of  the  pit  together  with  a  copy  of  the  approved  permit  and 

the  most  recent  "Discharge  Monitoring  Report"  will  be  required, 

V   GENERAL  REQUIREMENTS  FOR  PERMANENT  SURFACE  PITS 

Lined  and  unlined  pits  approved  for  water  disposal  shall: 

1,  Have  adequate  storage  capacity  to  safely  contain  all 
produced  water  even  in  those  months  when  evaporation 
rates  are  at  a  minimum. 

2,  Be  constructed,  maintained,  and  operated  to  prevent 
unauthorized  surface  discharges  of  water.   Unless 
surface  discharge  is  authorized,  no  siphon,  except 
between  pits,  will  be  permitted. 
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3.   Be  fenced  to  prevent"livestock  or  wildlife  entry  to 
,  .   the  pit,  when  required  by  the  District  Engineer. 

km      Be,  kept  reasonably  free  from  surface  accumulations  of 
liquid  hydrocarbons  ;by  use  of  "approved  skinuner  pits, 
settling  tanks.,  or  other  suitable  equipment, 

,5..  Be  located  away  from  the  established  drainage  patterns 

in  the  area  and  be  constructed  so  as  to  prevent  the 

"J   • '  <•  ■  '     •  '  <i  '  ■ 
entrance  of  surface  water," 

VI   TEMPORARY  USE  OF  SURFACE  PITS   i-'-i:— ,-i — —  Jj.J.:  '  ' 

.  Unlined  surface  pits  may  be  used  for  handling  or  storage 
of  jfluids  used  in  ^drilling,  redrilling,  rewoirlcing,  deepening, 
or  plugging  of  a  well  "provided  that  "such  facilities  are 
promptly  and  properly  emptied  and  restored  upon  completion 
of  the  operations,   Mud  or  otlier  "fluids  cbritained  in  such  pits 
shall  not  "be.  disposed  of  t)y  cutting  the  pit  walls  without  the 
prior  authorization  of  the  District  Engineer,'   Until  finally 
restored,  unattended  pits  must  be  fenced  to  prevent  access  by 
livestock  and  wildlife.   Unless  otherwise  specified  -by  the 
District  Engineer,  unlined  pits  may  be  used  for  well  evalua- 
tioh  purposes  for  a  period  of  30  days, 

''•■  '        i  ,   •   •  .••■  ■,      ■    •   ■ 
Unlined  pits  may  also  be  retained  as  temporary  contain- 
ment pits  for  use  only  in  an  emergency  provided  such  pits 
have  been  approved  by  the  District  Engineer.   Any  emergency 
use  of:,such  pits  shall  be  reported  to  the  District  Engineer 
as  soon  as  possible  and  the  pit  shall  be  emptied  and  the  . 
.liquids  disposed  of  in  ah  approved  manner  within  48  hours' 
following  Its  use,  unless  such  time  is  .exteiided  oy  the 


District  Engineer, 
'-'  ■    Vil^'ofsPOSAL  FAciLltlES"MF["lSfEW  WElIlil  '  !' 
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..With  the  approval  of  the  District  Engineer,  produced 
water  from  wells  completed  after  the  issuance  date  of  this 
^  Notice  may  be  temporarily  disposed  of  into  unlined  pits  for 

a  period  up  to  90  days.   During  the  period  so  authorized, 
,  an  application  for  approval  of  , the  permanent  disposal  method, 
along  .With  the. required  water  .analysis  and  other .information, 
must  be  submitted  to  the  District  Engineer,   Failure  to  timely 
file  an  application  within  the  time  allowed  will  be  considered 
an  incident  of  noncompliance  and  will  be  grounds  for  issuing 
a  shut-in  order  until  the  application  is  submitted.   With 
the  approval  of  the  District  Engineer,  the  disposal  method 
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may  be  continued  pending  his  final  determination.   Once  the 
District  Engineer  has  determined  the  proper  method  of  dis- 
posal, the  lessee  or  operator  will  have  until  October  1,  1977, 
or  60  days  following  receipt  of  the  District  Engineer's 
determination,  whichever  is  the  longer,  in  which  to  make 
any  changes  necessary  to  bring  the  disposal  method  into 
compliance.   However,  if  the  disposal  method  then  employed 
is  endangering  the  fresh  water  in  the  area  or  otherwise  con- 
stitutes a  hazard  to  the  quality  of  the  environment,  the 
District  Engineer  will  direct  prompt  compliance  with  the 
requirements  of  this  Notice. 

VIII  UNAVOIDABLE  DELAY 

A  single  extension  of  time  not  to  exceed  three  months 
(six  months  in  arctic  and  subarctic  areas)  may  be  granted  by 
the  District  Engineer  where  the  lessee  or  operator  conclu- 
sively shows  by  application  that,  despite  the  exercise  of 
due  care  and  diligence,  he  has  been  unable  to  timely  comply 
with  the  requirements  of  the  Notice  provided  that  such 
delay  will  not  adversely  affect  the  environment. 

IX  REPORTS 

All  unauthorized  discharges  or  spills  from  disposal 
facilities  must  be  reported  to  the  District  Engineer  in 
accordance  with  the  provisions  of  NTL-3. 

Beginning  October  1,  1978,  and  thereafter  on  an  annual 
basis,  lessees  and  operators  must  submit  a  report  for  each 
facility  which  includes  the  total  volume  disposed  of  during 
the  reporting  period  and  a  current  water  analysis  which 
provides  the  same  type  of  information  required  for  approval 
of  the  original  application.   Provided,  however,  that: 

1.  Where  disposal  is  approved  pursuant  to  Section  IV  (4), 
no  annual  water  analysis  will  be  required. 

2.  Where  disposal  is  approved  pursuant  to  a  NPDES  permit, 
a  copy  of  the  required  discharge  monitoring  report  may 
be  submitted  in  lieu  of  the  above  annual  report. 

3.  Where  a  single  application  was  approved  for  several 
leases  and/or  facilities,  a  composite  annual  report 
covering  all  such  leases  and  facilities  may  be 
submitted. 
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X   COMPLIANCE 

Coapliance  with  this  ?»otice  does  not  relieve  a  lessee  or 
operator  of  the  responsibility  for  complying  with  mere  stringent 
applicable  Federal  or  State  vater  quality  laws  and  regulations, 
including  those  which  are  subsequently  promulgated  pursuant  to 
the  Safe  Drinking  Water  Act  (P.L.  92-523),  or  with  other  written 
orders  of  the  Geological  Survey, 
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Hotlcfl  to  Lessees  and  Operators 

and  Indian  Qd  and  Gas  Leases 
(HrL-20) 


Disposal    of  PrndtirpH   'J;<»«.>« 

The  requirements  of  Section  IX  (Reoorti)  of  Nri  yn  m^   i-#.  j  . 
1976,  are  hereby  reviled  to  read  as  follows:  '  ^^^'""^  ^-'""'^^  i' 

IX  _REPORTS 

All  unauthorized  discharges  or  sdIIIs   frmn  HUnnt^i   ¥3r-i)t^i 


!!!"!"T'?  Justify  the  continued  use  thereof,  'rhe  lUt'ng  ™u  bo  certlMeS 


or 
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ch  lessee 
e  disposal 


as  correct  by  the  lessee  or  operator  and  mu^     I)     don     fi  p.rh      S?  ?!'S'^'?^ 
by  Its  location  and,   If  applicable,  by  L  FedL^Vor    ndUn    oJ"^^''?'''  ^i^ 
(2)  specify  which  of  the  critorlaet  forth  in  Setlon?Vo^  H?     ^rT^h/^^ 
continuation  of  the  District  Engineer's  Wrova       o    ^IHze  tKl     t       or 

e'o^  h'e'XIiL'blo'cHtrrf/'^ 
one  or  ine  applicable  criteria,  the   lessee  or  opcratcr  must  fllf>  an  J.>nHr>.M,^o 

c7nroVti\l.l,r  '"'''''''  aUern.tlvo  dispell  .othod'Jurlu^nt  to'^ectC"?! 

The  District  fnglneer  rojy  require  o  detallod  annuM  reoort  nn  anv  f.riiifv, 
regularly  ussd  for  disposal  purposes.     Ilowovcr,  as  a  genorll  rule    dsui Ud      ^ 
annua    reports  will  not  be  required  for  those  unllned  pits  approved  fo?te^Dorarv 
or  emergency  use  or  for  those  approved  facilities  which  utIlUe  lined  dIs^ 
or  subsurface  Injection  as  the  disposal  mothod.  "'■"■'s  "nea  pits 

The  annual  certifications  and  reports  (whon  required)  will  be  r^vtowprt 
to  assure  that  disposal  In  each  unllned  pit  remains  Just  I   led     Vi  ?ncl    4o     ' 
essee  or  operator  will  receive  no  response  from  the  6      r  ct  Eng  n  e    unfe  s 
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Course  7000.1 
Instructors:   Muller 
Jackson 
Murphy 

RIPARIAN  AREA  MANAGEMENT 

Objectives 

(1)  To  introduce  the  topic  of  riparian  area  management  from  a 
Bureauwide,  multiple  resource  perspective. 

(2)  To  learn  the  hydrologic  and  geomorphic  components  of  riparian 
condition. 

(3)  To  learn  concepts  in  stream  riparian  restoration. 

(4).  To  discuss  implementation  of  riparian  restoration  projects  through 
field-level  watershed  activity  plans. 

(5)   To  be  able  to  apply  structural  solutions,  if  appropriate,  in  gully 
restoration  projects. 

Topic  Outline 

I.  Introduction  to  the  Riparian  Area  Management  Issue 

II.  Major  Bureauwide  activities  in  support  of  Riparian  Area  Management 

III.  Riparian  Area  Function:   The  hydrologic/geomorphic  perspective 

IV.  Concepts  in  Stream  Riparian  Restoration 

A.  Incised  Streams 

B.  Laterally  Unstable  Streams 

V.  Watershed  Activity  Plans  for  Riparian  Restoration 

A.  Long  Gulch 

B.  Elephant  Skin  Wash 

VI.  Gully  Restoration 
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WATERSHED  ACTIVITY  PLANS 
TOPIC  OUTLINE 

Presentation  of  two  watershed  Activity  Plans  that  have  been  implemented  in 
the  BLM-Montrose  District. 

Brief  Introduction  to  Activity  Plans 

I.   Elephant  Skin  Wash  Salinity  Control  -  Watershed  Activity  Plan 

A.  Project  Objectives 

1.  Retain  salt  and  sediment 

2.  Flood  control 

3.  Provide  livestock  and  wildlife  water 

4.  Increase  vegetation  cover 

5.  Improve  wildlife  habitat 

B.  Location  and  Setting 


1. 

Activity  Plan  maps 

2. 

Climate 

3- 

Geology 

4. 

Soils 

5. 

Vegetation 

6.   Water 

C.  Project  Identification 

I»   Major  project  components  and  reasons  for  the  particular  project 
design 

D.  Project  Design 

1.  Hydrologic  analysis 

2.  Project  survey  and  construction 

E.  Clearances 

1.   Water  rights 
2*   Cultural 

3.  T&E 

F.  Maintenance 

1,  Inspection/maintenance 

2.  Protection  from  livestock  damage 

G.  Slide  Show 
H.   Monitoring 

1 .  Sediment 

2.  Salinity 

3.  Photo  points 

4.  Flood  control/livestock-wildlife  water 

5.  Vegetation  cover 


II.   Long  Gulch  Sediment  Control  and  Riparian  Habitat  Improvement  Project 

A.  Project  Objectives 

1.  Reduce  sediment  yield 

2.  Improve  riparian  zone  condition 

3.  Flood  control 

4.  Increase  vegetation  production 

5.  Improve  wildlife  habitat 

6.  Provide  water  for  livestock  and  wildlife 

B.  Location  and  Setting 

1.  Activity  plan  maps 

2.  Climate 

3.  Geology 

4.  Vegetation 

5.  Water 

C.  Problem  identification  and  proposed  treatments  for  4  project  sites 

D.  Design  standards  for  proposed  treatment  of  site  I 

1 .  Channel  preparation 

2.  Check  dam  location  and  spacing 

3.  Check  dam  construction 

4.  Spillway  sizing 

5.  Risk  analysis 

E.  Clearances 

1.  Water  rights 

2.  Cultural 

3.  T&E 

F.  Slide  Show 

G.  Proposed  monitoring 

1.  Channel  cross  sections 

2.  Longitudinal  profile 

3.  Channel  stability  rating 

4.  Rainfall/runoff  relationship 

5.  Photo  points 

6.  Vegetation  transects 

7.  Livestock  exclosure 


CONCEPTS  IN  STREAM  RIPARIAN  REHABILITATION^./ 

Bruce  P.  Van  Haveren 

Bureau  of  Land  Management,  Bldg.  50,  Denver  Federal  Center, 

P.O.  Box  25047,  Denver,  Colorado  80225-0047;  and 

William  L.  Jackson 

Bureau  of  Land  Management,  Bldg.  50,  Denver  Federal  Center, 

P.O.  Box  25047,  Denver,  Colorado  80225-0047 


ABSTRACT 
In  this  paper  we  discuss  the  interrelationships  between  riparian 
systems  and  the  hydrologic  and  geomorphic  processes  operating  in  the 
associated  stream  channels.   We  explain  how  the  proper  hydrologic  function 
of  the  floodplain,  stream-dependent  water  table,  and  stream  channel 
erosion  and  deposition  processes  are  all  necessary  for  a  healthy  riparian 
ecosystem.   These  relationships  form  the  basis  for  a  discussion  of 
rehabilitation  principles  and  approaches  recommended  for  use  on  degraded 
riparian  areas.   We  introduce  and  discuss  two  types  of  channel  conditions 
-  incised  streams  and  laterally  unstable  streams  -  which  are  commonly 
associated  with  degraded  riparian  areas.   Proper  identification  of  the 
causes  of  degradation  and  stage  of  channel  evolution  are  required  before 
developing  a  rehabilitation  plan.   We  stress  that  stream  riparian  systems 
undergoing  major  geomorphic  or  hydrologic  adjustments  should  not  be 
treated  with  habitat  improvements  until  the  channel  has  reached  a  new 
dynamic  equilibrium.   Finally,  riparian  rehabilitation  should  not  be 
attempted  in  stream  systems  where  watershed  condition  is  poor  or 
downward- trending . 


i/  Presented  at  the  Wildlife  Management  Institute  Fifty-First  North 
American  Wildlife  and  Natural  Resources  Conference,  March  21-26, 
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CONCEPTS  IN  STREAM  RIPARIAN  REHABILITATION 

Bruce  P.  Van  Haveren 

Bureau  of  Land  Management,  Bldg.  50,  Denver  Federal  Center, 

P.O.  Box  25047,  Denver,  Colorado  80225-0047;  and 

William  L.  Jackson 

Bureau  of  Land  Management,  Bldg.  50,  Denver  Federal  Center, 

P.O.  Box  25047,  Denver,  Colorado  80225-0047 

The  purpose  of  this  paper  is  to  discuss  the  interrelationships  between 
riparian  systems  and  the  hydrologic  and  geomorphic  processes  operating  in 
the  associated  stream  channels.   We  show  how  the  proper  hydrologic  func- 
tion of  the  floodplain,  stream-dependent  water  table,  and  stream  channel 
erosion  and  deposition  processes  are  all  necessai^  for  a  healthy  riparian 
ecosystem.   These  factors  and  interrelationships  are  brought  to  bear  in  a 
discussion  of  rehabilitation  principles  and  approaches  for  use  on  degraded 
riparian  areas.  We  consider  the  stream  riparian  zone  to  be  the  entire 
active  channel  area  including  that  portion  of  the  floodplain  which 
supports  a  riparian  vegetation  community. 

RIPARIAN  ZONES:   GEOMORPHIC  AND  HYDROLOGIC  FUNCTION 

Stream  riparian  zones  have  important  geomorphic  and  hydrologic  roles 
which  support  their  high  level  of  biological  productivity.  The  most 
productive  stream  riparian  zones  often  are  associated  with  alluvial  stream 
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systems e   That  Is,  they  are  deposition  zones  and  occur  in  fluvial  sedi- 
ments transported  and  reworked  by  the  stream c  A  major  role  of  the 
riparian  zone  is  to  function  as  a  floodplain  and  dissipate  stream  energies 
associated  with  high  flowsc  This,  in  turn,  permits  sediments  to  deposit 
and  continue  development  of  the  alluvial  valley  floor o 

Alluvial  riparian  zones  also  function  as  shallow  aquifers  which 
recharge  at  high  flows  and  drain  at  low  flows.   This  interaction  between 
surface  flows  and  groundwater  storage  results  in  moderated  high  flows  and 
enhanced,  or  prolonged  base  flows.   The  shallow  aquifer  condition  also 
creates  the  moist  soil  conditions  for  plant  growth,  which  characterize 
riparian  zonesc 

Thus,  it  is  the  geomorphic  and  hydrologic  characteristics  of  riparian 
zones  which  establish  the  basic  components  of  biological  habitat,  includ- 
ing wet  soils  and  instream  structural  features  such  as  pools,  riffles, 
gravels,  and  stream  banks.   The  vegetation  which  thrives  in  riparian 
zones,  in  turn,  contributes  to  their  proper  geomorphic  and  hydrologic 
functioning.   Disruption  of  normal  geomorphic  or  hydrologic  function,  or 
the  vegetation  on  which  it  depends,  usually  results  in  impairment  to 
overall  riparian  resource  values. 

STKEAM  CHANNEL  ADJUSTMENTS  AND  RIPARIAN  CONDITION 

Stream  channels,  in  association  with  adjacent  riparian  zones,  adopt  forms 
and  normal  modes  of  function  which  allow  water  and  sediment  to  be 
discharged  efficiently  (Leopold  and  Langbein,  1962;  Yang,  1971).   Stream 


channel  form,  in  turn,  contributes  to  the  physical  and  biological  makeup 
of  the  riparian  system  (Brussock  et  al.,  1985).  Variables  such  as  channel 
slope,  channel  and  floodplaln  shape,  and  hydraulic  geometry  reflect 
long-term  watershed  conditions,  but  adjust  continuously  in  response  to 
changes  in  controlling  factors  such  as  discharge,  sediment  delivery,  or 
changes  in  channel  bed  or  bank  conditions  (Schumm,  1971).  Three  classes 
of  channel  adjustments  influence  riparian  conditions: 

Channel  evolution;   Channel  evolution  refers  to  channel  adjustments, 
usually  at  the  geologic  time  scale,  which  occur  as  part  of  overall 
landscape  evolution  (Schumm,  1956;  Strahler,  1968).   In  an  analysis  of 
rehabilitation  potential,  it  is  important  to  relate  channel  and  riparian 
conditions  to  their  evolutionary  status  and  to  identify  potential 
threshold  conditions  (Bull,  1979). 

Rapid  channel  response;  Rapid  channel  response  refers  to  channel 
adjustments  which  occur  rapidly  in  response  to  sudden  changes  in  the 
long-term  equilibrium  condition  of  controlling  factors,  or  to  the  ex- 
ceedence  of  critical  geomorphic  thresholds.   For  example,  sudden  changes 
in  discharge,  sediment  delivery,  or  channel/f loodplain  conditions  may 
initiate  periods  of  excessive  channel  instability  and  adjustment  (Heede, 
1980;  Harvey  et  al. ,  1985).  Also,  more  gradual  changes  resulting  from 
channel  evolution  eventually  may  cause  exceedence  of  a  stability  threshold 
for  slope  or  base-level  elevation  which  in  turn  initiates  periods  of  rapid 
adjustment — for  example,  downcutting — throughout  the  channel  network 
(Schiimn,  1977;  Bull,  1979).   Instream  structures  associated  with  stream 


riparian  rehabilitation  projects  may  establish  new  critical  or  threshold 
conditions  that  may  initiate  adjustments  within  the  channel  system  (Heede, 

1986) e 

Normal  channel  dynamics s  Normal  channel  dynamics  refers  to  adjust- 
ments  which  occur  as  part  of  normal  channel/riparian  function  under 
dynamic  equilibriim  conditions.   Channels  and  adjacent  riparian  areas 
continuously  undergo  incremental  or  periodic  adjustments  under  normal  high 
flow  conditions  (Heede,  1975;  Jackson  and  Beschta,  1982).  This  is  because 
the  main  external  factors  acting  on  the  system — discharge  and  sediment 
delivery  rates— are  highly  irregular  over  short  timeframes,  even  though 
long-term  average  conditions  of  discharge  and  sediment  delivery  may  be 
fairly  stable «   Channel  adjustments  associated  with  conditions  of  dynamic 
equilibrium  include  incremental  bank  cutting,  cycles  of  streambed  scour 
and  fill,  and  adjustments  to  normal  inputs  of  large  organic  debris.   la 
addition,  flood  flows  and  riparian  areas  interact  to  cause  sediment 
deposition  on  floodplalns.  Many  biological  systems  are  dependent  upon 
normal  channel  and  floodplain  adjustments  associated  with  dynamic 
equilibrium  systems  (e.g..  Coats  et  al. ,  1985).  Thus,  it  may  be  important 
to  avoid  excessive  rigidity  in  rehabilitating  stream  riparian  systems. 

Most  channel  adjustments  involve  interactions  with  stream  riparian 
zones.  Normal  adjustments  associated  with  dynamic  equilibrium  processes 
may  serve  to  enhance  or  rejuvenate  riparian  conditions.  Excessive 
adjustments,  associated  with  rapid  response  to  changes  in  controlling 
factors,  may  temporarily  or  permanently  impair  normal  riparian  conditions. 
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REHABILITATION  APPROACHES 

Stream  ripariaa  rehabilitation  requires  (a)  description  or  classi- 
fication of  riparian  area  degradation,  (b)  identification  of  the  cause(s) 
of  impaired  riparian  conditions,  and  (c)  formulation  and  implementation  of 
riparian  rehabilitation  objectives  and  strategies  which  allow  reestab- 
lishment  of  a  viable  and  sustainable  riparian  condition.   This  last 
requirement  may  be  especially  challenging  since  the  rehabilitation 
objective — especially  in  the  case  of  large,  incised  channels  or 
arroyos~may  not  be  to  reestablish  the  former  riparian  situation,  but  to 
establish  a  new  equilibrium  condition  that  supports  a  viable  riparian  zone. 

In  general,  impairment  of  riparian  condition  is  characterized  by  either 
excessive  channel  incision  and  the  subsequent  dewatering  of  the  riparian 
zone,  or  direct  destruction  of  riparian  vegetation  with  the  subsequent 
loss  of  channel  bank  and  floodplain  integrity  and  the  acceleration  of 
lateral  channel  adjustments.   The  nature  of  riparian  impacts  and  the 
concepts  in  riparian  rehabilitation  are  different  for  these  two  classes  of 
impaired  riparian  function. 

Impaired  Water  Table  Function;  The  Case  of  the  Incised  Channel 

Deeply  incised  drainages  occur  throughout  the  world  and  are  particu- 
larly common  in  arid  and  semiarid  deserts  and  rangelands.   In  the  western 
United  States,  large  gullies  and  arroyos  commonly  occur  in  fine-grained, 
deep  alluvial  deposits,  and  are  characterized  by  unresistant  beds  and 
steep  fine-grained  banks.   Incised  channels  result  from  either  downstream 


base-=level  lowering  or  localized  gullying  initiated  by  increased  runoff 
rates  or  lowered  resistance  to  erosion.   In  semiarid  regions,  gully 
initiation  occurs  when  the  erosional  threshold  is  exceeded— ^usually  at  the 
steepest  portion  of  the  valley  (SchuanSs  1969).  When  base-level  lowering  is 
triggered  In  a  stream  system,  channel  incision  progresses  upstream  into 
all  tributaries  unless  stopped  by  a  resistant  geologic  structure  (Heede, 
1981a).   Channel  incision  produces  two  important  changes  which  affect  the 
associated  riparian  system.  Advancing  gully  systems  increase  peak  dis- 
charge (Wallace  and  Lane,  1976),  making  the  stream  very  efficient  at 
scouring  channel  beds  and  banks  and  transporting  sediment.  Channel  bed 
degradation  produces  a  drop  In  the  local  water  table  and  imposes  a 
subsequent  water  stress  on  the  riparian  vegetation  (Groeneveld  and 
Griepentrog,  1985).  A  loss  of  riparian  vegetation  in  turn  produces 
additional  hydrologic  changes— =lowered  resistance  to  flow  and  therefore 
higher  flow  velocities  during  flood  events  (Schumm  and  Meyer,  1979). 
Channel  incision,  then,  often  leads  to  impaired  hydrologic  function  of 
the  stream  system  as  well  as  impaired  resource  values  of  the  riparian 
ecosystem. 

While  small  gullies  may  undergo  cycles  of  cutting  and  filling,  large 
gullies  and  arroyos  undergo  a  more  complex  evolution  (Harvey  et  al., 
1985).  The  evolution  of  medium  to  large  gullies  and  arroyos  is  depicted 
in  Figure  1.   Properly  analyzing  where  a  gully  or  incised  channel  is  in 
its  cycle  of  development  helps  considerably  in  the  assessment  of  manage-= 
ment  alternatives.  Also,  a  gully  that  develops  in  response  to  a  general 
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base-level  adjustment  is  more  difficult  to  control  than  a  discontinuous 
gully  that  is  reacting  to  local  watershed  conditions. 

Referring  to  Figure  1,  channels  in  Condition  A  are  not  incised  and 
often  support  a  productive  riparian  resource.  The  key  to  the  management 
of  Condition  A  channels  is  to  determine  their  susceptibility  to  incision 
(Schumm,  1969;  Harvey  et  al.,  1985),  then  manage  land  uses  to  prevent 
incision.  Management  may  be  best  accomplished  in  these  situations  by 
controlling  intensive  land  uses,  such  as  concentrated  livestock  grazing, 
in  the  riparian  zone  as  well  as  contributing  upland  areas.  Low  (flush 
with  the  bed)  instream  base  control  structures  or  upstream  detention 
structures  (combined  with  improved  upland  watershed  management)  can 
contribute  to  the  stability  of  Condition  A  channels.   Also,  proper  man-  . 
agement  of  large  organic  debris  in  the  riparian  zone  can  contribute  to  the 
maintenance  of  proper  channel  slope  and  instream  sediment  storage  (Heede, 
1985;  Swanson  and  Lienkaemper,  1978).   If  incision  is  likely  to  occur  as  a 
result  of  base-level  adjustment,  a  barrier  dam  or  drop  structure  may  be 
necessary  to  stop  headward  migration  of  the  incision.   Generally, 
prevention  of  incision  is  a  very  cost-effective  stream  management  practice 
(Heede,  1986). 

Condition  B  channels  are  recently  incised  and  are  characterized  by 
narrow  steep  banks.   If  the  gully  is  small,  appropriate  land  use  man- 
agement may  allow  reestablishment  of  a  Condition  A  channel.   Combining 
land  use  management  with  installation  of  gully  plugs  may  hasten  the 


recovery  of  small  Condition  B  channels  (Heede,  1981b).   If  the  gully  is 
large,  and  especially  if  it  has  not  reached  a  firm  or  resistant  bed  level, 
properly  designed  structures  will  be  very  expensive  to  install,  and  the 
feasibility  of  returning  to  a  Condition  A  channel  is  greatly  reduced c 
Furthermore,  large  Condition  B  channels  will  be  the  least  responsive  of 
all  incised  channel  conditions  to  improved  land  use  management,  including 
rest  from  livestock  grazing. 

Condition  C  channels  are  in  the  early  stages  of  widening— a  prerequi- 
site to  stabilization  and  reestablishment  of  a  riparian  resource.   In 
essence  they  are  midway  between  the  stable  conditions  exemplified  by 
Conditions  A  and  E.   If  a  resistant  base  level  has  been  reached,  a 
reasonably  stable  channel  condition  may  be  achieved  simply  by  promoting 
establishment  of  a  dense  cover  of  bank  vegetation.   If  livestock  grazing 
is  limiting  riparian  vegetation  establishment,  intensive  management  must 
be  applied,  such  as  the  creation  of  riparian  pastures  or  the  implemen- 
tation of  grazing  systems  that  favor  riparian  vegetation  maintenance. 
Flood  flows,  however,  will  still  erode  the  upper  banks  until  a  stable 
flood  flow  channel  can  be  established.  While  bank  controls  such  as  jacks 
or  loose  rock  revetments  could  be  used  at  critical  situations  in  Condition 
C  channels,  they  would  be  resisting  natural  widening  tendencies  and  may  ■ 
not  be  cost  effective.   Base  controls  would  have  to  be  carefully  designed 
and  installed  to  confine  flood  flows  or  they  would  be  breached  at  the  ends 
(Figure  2) .  Furthermore,  a  reestablished  riparian  resource  in  a  Condition 
C  channel  may  have  less  ultimate  value  than  a  riparian  resource  reestab- 
lished in  the  more  naturally  stable  Condition  D  or  E  channel.  A  final 
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alternative  for  Condition  C  channels  would  be  to  try  to  return  them  to 
Condition  A,  if  the  resource  values  justified  it.  Although  it  would  be 
expensive,  barrier  dams  or  base  controls  could  be  considered. 

It  may  be  possible  to  successfully  establish  beaver  in  Condition  C 
channels.  Beaver  transplanting  has  been  used  to  restore  riparian  con- 
ditions in  southwestern  Wyoming  (Brayton,  1984). 

The  most  effective  management  strategy  for  Condition  D  and  E  channels 
is  to  passively  allow  for  vigorous  reestablishment  of  streambank  and 
riparian  vegetation.  Some  upper  floodplain  control  on  point  bars  or  in 
abandoned  flood  flow  channels,  or  bank  control  on  outer  meander  banks  may 
be  justified  in  certain  situations  in  Condition  D  channels.  Generally, 
structures,  except  possibly  those  for  fish  habitat  improvement,  would  not 
be  warranted  in  CondTtion  E  channels.  Management  of  land  use  in  Condition 
D  and  E  channels  will  often  be  a  very  cost-effective  treatment. 

Impaired  Channel  Bank  and  Floodplain  Function:  The  Case  of  the  Laterally 
Unstable  Channel 

The  second  type  of  impaired  riparian  function  occurs  on  streams  with 
relatively  stable  beds  when  streamside  riparian  vegetation  is  directly 
impacted  by  land  use  in  the  ilparian  zone.   Changes  in  vegetation 
composition  and  reductions  in  vegetation  cover,  vigor,  or  production, 
which  may  result  from  concentrated  livestock  grazing,  timber  harvesting, 
or  road  construction,  directly  alter  the  structural  integrity  of  stream 
banks  and  floodplains.  This,  in  turn,  encourages  excessive  channel 


adjustments  which  further  impact  the  riparian  zone.   Unlike  channels  in 
fine,  deep  alluvium  which  are  prone  to  incision,  coarse  alluvial  channels, 
or  channels  with  structurally  controlled  beds,  tend  to  respond  to  direct 
riparian  impacts  by  becoming  wider  and  shallower  with  less  steep  banks 
(Figure  3)  (Kauffman  et  al. ,  1983;  Duff,  1977;  Platts,  1981a;  Platts, 
1981b) .   In  addition  to  possessing  poor  aquatic  habitat  attributes 
(Kauffman  et  al. ,  1984;  Platts,  1981b;  Platts,  1981c)  channels  impacted  in 
this  way  may  become  less  capable  of  conveying  high  flows  and  may  directly 
impact  riparian  areas  by  bank  cutting  or  channel  realignment  during  high 
flow  periods.   Riparian  area  problems  caused  by  this  type  of  channel 
condition  are  aggravated  by  increased  instream  sediment  loads  resulting 
from  upstream  erosion  (Jackson  and  Beschta,  1984). 

Riparian  zones  characterized  by  widened  channels,  frequent  channel  re- 
alignments, and  poorly  vegetated  banks  and  floodplains,  generally  can  be 
rehabilitated  rapidly  by  revegetation  of  the  riparian  streamside  zone 
provided  that  soil  water  in  the  riparian  zone  has  not  been  affected  by 
excessive  channel  incision.   The  management  objective  in  this  case  is 
almost  always  to  establish  a  Condition  Z  Channel  (Figure  3).   For  stream 
riparian  areas  impacted  by  livestock  grazing,  for  example,  elimination  or 
reduction  of  livestock  grazing  in  the  riparian  zone  generally  results  in 
quick  and  dramatic  recovery  (Platts  and  Rinne,  l985)(Figure  4).   Other 
potentially  effective  riparian  management  strategies  include  implemen- 
tation of  deferred  grazing  systems,  adjusting  season  of  grazing  use, 
creation  of  riparian  pastures,  development  of  off-site  water  sources,  and 
drift  or  corridor  fences. 
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Restoration  of  riparian  vegetation  through  land  use  management  is  the 
preferred  method  for  rehabilitating  this  class  of  impaired  stream  riparian 
area.   However,  more  active  management  may  be  required  in  certain  circum- 
stances.  This  is  particularly  true  when  riparian  conditions  are  no  longer 
amenable  to  rapid  revegetation  by  passive  means — either  because  the  soil 
resource  has  been  removed,  normal  sources  of  large  debris  are  absent,  or 
the  stream  system  itself  has  become  too  unstable  to  permit  successful 
revegetation  within  an  acceptable  time  frame.   In  this  situation,  struc- 
tural techniques  including  channel  bank  erosion  controls  and  proper 
grading  of  floodplains  may  contribute  to  improved  conditions  for  revege- 
tation.  In  the  extreme  case,  channels  may  actually  be  reconstructed  using 
proper  hydrologic,  hydraulic,  and  geomorphic  criteria  to  establish  condi- 
tions conducive  to  establishment  of  vigorous  vegetation  (Jackson  and  Van 
Haveren,  1984;  Orsborne  et  al.,  1985).   The  objective  in  any  sort  of 
structural  solution  should  always  be  to  provide  the  conditions  necessary 
for  natural  revegetation  and  evolution  to  a  properly  functioning  stream 
riparian  system  which  will  quickly  become  stable  on  its  own,  independent 
of  rigid  man-made  structures. 

MANAGEMENT  CONSIDERATIONS 

The  overriding  consideration  in  planning  a  riparian  rehabilitation 
program  is  to  determine  the  rehabilitation  potential  of  the  target  area 
and  identify  the  root  causes  of  the  degraded  riparian  condition.   If  the 
causes  are  due  to  upstream  watershed  disturbances,  those  areas  should  be 
stabilized  so  that  riparian  rehabilitation  can  proceed  without  inter- 
ference (Jackson  and  Van  Haveren,  1984).   If  the  disturbance  is  due  to 
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land-use  management  conflicts,  those  conflicts  must  be  resolved  before  an 
improvement  project  is  initiated.   Stream  riparian  rehabilitation  should 
not  be  used  to  circumvent  the  real  causes  of  stream  degradation  (Platts 
and  Rinne,  1985). 

In  addition,  we  cannot  overemphasize  the  need  to  understand  and  work 
with  the  natural  recovery  processes  operating  in  a  stream  riparian  system 
(Cairns  et  al. ,  1979),   Rehabilitation  should  strive  to  establish  the 
physical  and  biological  conditions  that  favor  rapid  recovery  by  natural 
processes  (U.S.  Dep.  Transport.,  1979;  Jackson  and  Van  Haveren,  1984; 
Platts  and  Rinne,  1985;  Hasfurther,  1985).   Finally,  stream  riparian 
systems  undergoing  major  adjustments  should  not  be  treated  with  habitat 
improvements  until  the  channel  has  reached  a  new  dynamic  equilibrium. 

Once  it  is  determined  that  conditions  warrant  a  retiabilitation 
program,  rehabilitation  objectives  need  to  be  carefully  formulated.   The 
objectives  should  consider  existing  and  future  watershed  condition, 
hydrologic  regime,  and  the  desired  rate  of  recovery.   If  time  is  not  an 
important  consideration  and  watershed  and  channel  stability  are  favorable, 
then  a  passive  approach  to  rehabilitation — simply  letting  nature  take  its 
course— -may  be  the  best  alternative. 

Generally,  three  questions  should  guide  the  formulation  of  recommenda- 
tions for  the  use  of  structures  in  channel/riparian  restoration  projects. 
First,  will  the  structure  permit  the  system  to  reach  a  condition  of 
natural  stability  more  rapidly  than  can  be  achieved  passively  (i.e., 
without  structures)?  Second,  are  the  benefits  achieved  by  accelerated 
rehabilitation  sufficient  to  justify  the  costs?  Third,  will  the  achieved 
condition  be  self-sustaining,  as  opposed  to  being  dependent  upon  the 
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integrity  of  the  structure?   In  most  cases,  the  answer  to  all  three 
questions  should  be  yes. 

SUMMARY  AND  CONCLUSIONS 

Because  all  stream  riparian  systems  are  unique,  stream  riparian 
rehabilitation  should  be  approached  systematically  using  problem-solving 
techniques.   The  specific  causes  of  riparian  degradation  should  be  ascer- 
tained.  We  believe  that  riparian  degradation  is  generally  associated  with 
one  of  two  different  types  of  channel  conditions — lateral  instability  or 
stream  incision.   These  conditions  must  be  identified  and  dealt  with  first 
in  any  proposed  rehabilitation  project.   Treatment  methods  should  work 
with,  not  against,  the  natural  channel  adjustment  processes.   If  the 
stream  channel  is  evolving  towards  a  new  stage  of  dynamic  equilibrium  and 
watershed  condition  is  static  or  improving,  riparian  rehabilitation  may 
simply  involve  no  more  than  waiting  for  the  natural  healing  processes  to 
work. 
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FIGURE  CAPTIONS 

Figure  1»  Hypothetical  sequence  of  arroyo  evolution  (after  Elliott,  1979). 

Figure  2.   Inappropriate  design  and  placement  of  a  low  check  dam  in  a 
Condition  C  channel. 

Figure  3.  Hypothetical  sequence  of  non-incised  stream  channel  evolution 
from  laterally  unstable  (X)  to  laterally  stable  condition  (Z). 

Figure  4.   Rest  from  livestock  grazing  restored  a  Condition  Z  channel. 
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FOR  RIPARLVN  ZONE  RESTORATION' 
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ABSTRACT:  Geomorphic,  hydraulic  and  hydroiogic  principles  aie 
applied  in  the  design  of  a  stable  stream  channel  for  a  badly  disturbed 
portion  of  Badger  Creek,  Colorado,  and  its  associated  riparian  and 
meadow  complexes.  The  objective  is  to  shorten  the  period  of  time  re- 
quired for  a  channel  in  coarse  aUuvium  to  recover  from  an  impacted 
morphologic  state  to  a  regime  condition  representative  of  current 
watershed  conditions.  Channel  geometry  measurements  describe  the 
stream  channel  and  the  normal  bankfull  stage  in  relatively  stable 
reaches.  Critical  shear  stress  equations  were  used  to  design  a  stable 
channel  in  noncohesive  materials  with  dimensions  which  approximate 
those  of  less  disturbed  reaches.  Gabion  controls,  spaced  at  approxi- 
mately  300  m  intervals,  are  recommended  to  help  reduce  the  chance  of 
lateral  migration  of  the  newly  constructed  cliannel.  Controls  are  de- 
signed to  allow  for  some  vertical  adjustment  of  the  channel  bed  follow- 
ing increased  bank  stability  due  to  revegetation.  The  flood  plain  is 
designed  to  dissipate  flood  flow  energy  and  discourage  multiple  flood 
channels.  The  channel  has  approximately  a  90  percent  chance  of  re- 
^  lining  stable  the  first  two  years  following  construction,  the  time  esti- 
7  jted  for  increased  stability  to  occur  due  to  revegetation. 
(KEY  TERMS:  riparian  restoration;  stream  rehabilitation;  alluvial 
channels,  stable  chaimels.) 


INTRODUCTION 

The  Bureau  of  Land  Management  has  studied  the  restoration 
of  a  badly  degraded  portion  of  Badger  Creek,  located  17  km 
northeast  of  Salida,  Colorado  (Figure  1).  The  objective  was 
to  develop  and  implement  a  plan  to  shorten  the  period  of  time 
required  for  the  stream  channel  and  associated  riparian  and 
meadow  complexes  to  evolve  from  an  impacted  morphologic 
state  to  a  regime  condition  representative  of  current  watershed 
conditions.  A  more  stable  stream  channel  is  believed  to  be  a 
prerequisite  to  reestablishment  of  channel  bank  and  flood 
plain  vegetation.  In  turn,  revegetation  is  a  requirement  for  a 
properly  functioning  stream-riparian  system. 

The  purpose  of  this  paper  is  to  apply  geomorphic,  hy- 
draulic, and  hydroiogic  principles  in  a  design  for  a  non-rigid 
channel  which  will  allow  for  the  restoration  of  the  riparian  sys- 
tem at  the  project  site.  We  hypothesize  that  a  channel  designed 
according  to  these  principles,  with  dimensions  approaching  as 
closely  as  possible  the  present  regime  hydraulic  geometry,  but 


consistent  with  the  stability  requirements  of  coarse,  un- 
vegetated  materials,  will  evolve  to  a  stable,  natural  condition  if 

(1)  a  properly  functioning  flood  plain  can  be  provided  and 

(2)  laterial  migrations  can  be  temporarily  controlled  struc- 
turally. In  our  design,  we  attempted  to  achieve  a  compromise 
between  excessive  project  costs  and  risk  of  failure  due  to  high 
flows.  While  the  design  procedure  has  been  made  as  general  as 
possible,  each  project  situation  must  be  analyzed  individually. 


BACKGROUND 

Flow  (Qw)  and  sediment  discharge  (Qs)  are  the  primary  in- 
dependent variables  influencing  the,  morphology  of  natural 
stream  channels  with  adjustable  beds  and  banks  (Schumm, 
1971).  Adjustable  channels  tend  to  have  stable  regimes  and 
adjust  variables  such  as  cross-sectional  area  and  shape,  slope, 
channel  patterns,  bedforms  and  bed  material  characteristics 
to  accommodate  long-term  patterns  of  water  and  sediment  dis- 
charge. A  third  independent  variable,  streambank  vegetation, 
influences  bank  stability,  flood  flow  and  sediment  transport 
characteristics  and  also  affects  the  morphology  of  stream 
channels  (Parsons,  1965;Platts,  1981). 

Channels  in  coarse  alluvium  with  credible  banks  may  re- 
spond to  increases  in  bedload  sediment  delivery  and  peak  dis- 
charges by  increasing  their  width-to-depth  ratio  (Nevins,  1969; 
Grant,  1977;  Kelsey,  1980;  Lisle,  1982;  Lyons  and  Beschta, 
1983).  This,  in  turn,  results  in  higher  flow  resistance  (Lisle, 
1982)  and  may  —  if  changes  in  sediment  regime  dominate 
changes  in  flow  regime  —  cause  a  decrease  in  capacity  to  con- 
vey flood  flows.  In  the  extreme  case,  channel  widening  may 
lead  to  multiple  flood  flow  channels  and  braiding  (Heede, 
1980).  Extreme  channel  instability,  frequent  lateral  migra- 
tion, and  inability  to  effectively  convey  upstream  inputs  of 
water  and  sediment  are  characteristics  of  these  channels.  The 
extreme  conditions  which  cause  channel  morphology  changes 
may  result  in  decreased  channel  stabihty  under  more  common 
flow  levels  (e.g.,  small  to  moderate  floods)  (Lisle,  1982).  The 
result  is  that  the  channel  may  not  return  promptly  to  its 
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predisturbance  regime  conditions.  Both  instream  and  riparian 
characteristics,  therefore,  may  be  altered  for  a  period  of  time 
much  longer  than  the  watershed  disturbance  which  caused  the 
impact. 


0   STREAM  GAOf 

^KOJICT  LOCATION 


2  miles 


Figure  1.  Badger  Creek  Location  Map. 


A  channel  in  erodible  material  is  considered  stable  if  design 
discharges  and  sediment  loads  can  be  conveyed  without  causing 
bank  or  bed  erosion  or  deposition  more  than  normally  asso- 
ciated with  a  regime  condition.  Stable  channel  designs  must 
take  into  consideration  (1)  channel  capacity,  (2)  channel 
geometry,  and  (3)  bed  and  bank  stability  (Doubt,  1965). 

Channel  capacity  requirements  are  determined  by  hydro- 
logic  analyses  and  are  expressed  as  design  discharges.  Channel 
geometry  relates  to  factors  such  as  cross-sectional  shape,  chan- 
nel patterns,  slope  and  Hood  plain  topography,  and  represents 
the  integrated  response  of  channel  geometry  variables  to  Qw 
and  Qs.  Generalized  relationships  between  hydrologic,  hy- 
draulic, and  geometric  variables  have  been  developed  (Leopold 
and  Muddock.  1953).  However,  the  variables  m  these  relation- 
ships cannot  be  solved  deterministically  except  in  the  case  of  a 
triangular  channel  (Lane  and  Foster.  19S0).  Prest-nt  regime 
chaniiet  geouKtry.  therefore.  mu>t  be  surnused  from  available 
evidence. 


Bed  and  bank  stability  refer  to  the  requirements  for  a  chan- 
nel to  convey  flows  and  bed  material  without  undergoing  long- 
term  net  changes  in  hydraulic  geometry.  Stability  docs  ^1^- 
quire  immobility.    In  fact,  it  is  assumed  that  natural  t  1 

function  will  involve  a  mobile  bed  condition  and  localized 
fluctuations  in  geometry  about  a  long-term  stable  average 
(Andrews,  1982;  Jackson  and  Beschta,  1982).  Bed  and  bank 
stability  can  be  quantified  using  hydraulic  and  sediment  trans- 
port design  procedures. 

Since  we  assume  there  will  be  an  initial  incompatibility 
between  the  desired  channel  geometry  and  bed  and  bank 
stability  requirements,  a  fourth  consideration  in  stable  chan- 
nel design  is  required.  The  process  of  adjustment  from  the 
initial  stable  channel  geometry  in  noncohesive  materials  to  tl/.e 
final  regime  geometry  must  be  analyzed.  In  general,  channel 
widening  will  occur  when  either  Qw  or  Qs,  or  both,  increase 
(Schumm,  1971).  Channel  depth  will  decrease  when  Qs  in- 
creases but  will  increase  with  an  increase  in  Qw.  Thus,  one 
can  deduce  that  channels  which  have  become  wider  and 
shallower  have  been  subject  to  increases  in  Qs.  In  cases  where 
upstream  watershed  disturbances  caused  the  channel  changes, 
it  is  also  likely  that  increases  in  Qw  have  been  experienced,  but 
the  tendency  for  channel  deepening  in  response  to  increased 
water  discharges  may  be  masked  if  the  effects  of  increased 
sediment  discharge  are  dominant.  Thus,  when  conditions 
which  caused  channel  impacts  have  abated,  the  direction  of 
adjustment  in  channel  geometry  will  be  towards  some\^^L 
narrower,  deeper  channel  cross-sections  with  steeper  ch 
banks.  This  tendency  will  be  enhanced  when  revegetatio. 
banks  causes  an  increase  in  apparent  cohesion  and  an  increase 
in  bank  stability  relative  to  beds. 


PROJECT  AREA 

The  Badger  Creek  watershed  is  569  km^  with  steep  slopes 
and  generally  shallow  soils.  High  rates  of  runoff  and  erosion 
occur  during  summer  convectionai  storms.  Total  watershed 
relief  is  1490  m.  Vegetation  is  primarily  pinyon  pine  (Pinits 
edulis)  and  juniper  (Juniperus  osteosperma)  at  lower  eleva- 
tions. Aspen  (Populus  tremuloides),  grasses,  and  forbs  are 
found  at  higher  elevations.  Average  annual  basin  precipitation 
is  409  mm.  A  flood  frequency  curve  (Figure  2)  was  developed 
for  tiic  Badger  Creek  project  site  using  regional  relationships 
and  procedures  described  by  Hedman  and  Osterkamp  (1982) 
and  McCain  and  Jarrett  (1976).  That  curve,  plus  analysis  of 
stream  gage  data  collected  at  two  U.S.  Geological  Survey  gag- 
ing stations  (station  numbers  7093740  upper;  7093775  lower) 
(Figure  1),  suggest  that  large,  infrequent  peak  flows  in  excess 
of  280  m-^s^  '  do  occur.  A  large  spring,  located  just  upstream 
from  the  upper  gaging  station,  contributes  a  fairly  constant 
base  flow  ai  approximately  0.14  m-'s"'.  The  perennial  flow 
is  one  reason  Badger  Creek  has  a  resident  brown  trout  fisher;^ 

The  lower  Badger  Creek  project  area  was  a  broad,  gen 
sloping  alluvial  meadow  which  had  been  eroded  as  a  result 
a  stream  channel  system  which  became  more  active  than  its 
historic    norm.      Tliis  was   probably   caused   by   changes  in 
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watershed  conditions  due  to  overgrazing,  timber  harvest,  road 
building  and  mineral  exploration  which  resulted  in  increased 

Jiment  delivery,  and  possibly  increased  frequency  of  large 
-ak  flows.  Also,  reduced  vegetative  cover  due  to  livestock 
grazing  may  have  caused  on-site  decreases  in  bank  stability. 
The  project  site  on  lower  Badger  Creek  presently  consists  of 
considerable  coarse  material  (gravel,  cobbles,  boulders),  small 
berms,  and  abandoned  channels  (Figure  3).  The  active  channel 
is  poorly  developed,  and  supports  no  bank  vegetation.  Because 
of  an  extremely  permeable  bed,  the  flow  becomes  intermittent 
over  the  1.7  km  length  of  channel  in  the  project  area.  This 
results  in  the  periodic  elimination  of  all  fish  habitat  within  the 
project  area  during  low  flow  months  (August  and  September). 

There  is  indication  that  watershed  conditions  have  im- 
proved in  recent  years.  Certain  reaches  of  Badger  Creek  have 
begun  to  restabihze  as  grasses,  willows  and  cottonwoods  begin 
to  invade  the  wetter  streamside  sites.  This  is  particularly  pro- 
nounced within  300  m  upstream  or  downstream  of  reaches 
where  natural  controls  (e.g.,  rock  outcrops)  prohibit  lateral 
migration  of  the  chaimel.  If  left  alone,  the  project  site  may 
eventually  restabilize  and  reclaim  itself;  we  do  not  know  the 
time  required  for  this  to  occur. 


BadggT  Creek  at  Rehabilitation  Project  Location 


1.01 


2  10 

Recurrence  interval,  years 


100 


Figure  2.  Flood  Frequency  Curve  for  Badger  Creek 
Project  Site  (based  upon  regional  relationships). 


\ 
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Figure  3.  Photograph  of  Badger  Creek  in  Project  Site. 
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CHANNEL  DESIGN  PROCEDURE 

Hydwlofy  and  Oumnd  Geometry 

The  objective  in  the  design  of  the  channel  for  the  dis- 
turbed meadow  at  Badger  Creek  is  to  duplicate  the  geomorphic 
characteristics  of  the  more  stable  chaimei  reaches  in  the  same 
physiographic  setting  and  to  make  necessary  modifications 
for  sufficient  bank  stability  to  promote  revegetation.  It  is 
hoped  an  incipient  bed  instability  will  be  achieved  at  bankfull 
flows.  This  will  allow  upstream  bed  material  load  to  pasSo  It 
will  also  enable  channel  geometry  to  undergo  modifications 
foUowing  revegetation  of  banks. 

Design  hydrology  data  were  developed  using  regional  flood- 
frequency  relationships  (Figure  2).  The  bankfull  discharge  is 
estimated  to  be  8.5  m^s""^.  We  tried  to  confirm  this  by  apply- 
ing Manning's  equation  to  selected  stable  cross-sections  up- 
stream and  downstream  of  the  project  reach  and  assuming 
bankfuU  discharge  represented  approximately  a  L8-yr  return 
period  flow  (Dunne  and  Leopold,  1978).  Bankfull  elevations 
were  determined  by  plotting  water  surface  elevations  and  esti- 
mated bankfull  elevations  versus  channel  distance  at  several 
points  upstream  and  downstream  from  each  cross-section.  A 
best  fit  line  was  used  to  determine  bankfull  capacity  at  these 
cross-sections.  BankAiU  discharge  calculated  by  this  method 
averaged  6.5  m-^s"^.  To  be  conservative,  the  design  channel 
capacity  was  selected  to  be  8.5  m^s~^.  A  rough  estimate  of 
the  100-year  return  period  flow  is  425  m^s~^  and  is  used  as  a 
capacity  value  for  floodpiain  design. 

Channel  geometry  data  were  coUected  in  a  downstream 
reach  where  the  channel  appeared  to  be  functioning  properly 
under  the  present  hydrologic  regime  (i.e.,  banks  were  vegetated 
and  capacity  was  sufficient  to  handle  the  1-  to  2-year  runoff 
event).  Down' valley  slope,  valley  bottom  width  and  surficial 
geology  are  the  same  at  the  downstream  reach  as  at  the  project 
site.  Six  cross-sections  (cross-sections  1-6)  and  a  longitudinal 
profile  of  the  channel  thalweg  were  surveyed.  A  bed  material 
size  analysis  was  performed  at  each  cross-section.  Width/depth 
ratios  and  median  particle  diameters  were  then  plotted  as  a 


function  of  channel  slope  (Figures  4  and  5).  In  addition, 
hydraulic  data  were  calculated  and  summarized  (^^  si 
and  2).  1 

A  detailed  longitudinal  profile  was  then  surveyed  fAVthe 
existing  channel  in  the  disturbed  meadow.  Three  cross- 
sections  (cross-sections  7-9)  were  measured  to  represent  the 
prerehabilitation  conditions.  Cross-section  9  was  selected  be- 
cause it  appeared  to  represent  a  transition  between  oversized 
and  undersized  channel  reaches  in  the  project  reach. 

Dimensions  for  the  final,  rehabilitated  channel  were  se- 
lected from  the  slope  information  from  the  project  reach 
(Figures  4  and  5).  The  width/depth  ratio  selected  was  an  aver- 
age of  the  data  collected  because  of  the  absence  of  a  strong  re- 
lationship with  slope,  S.  The  hydraulic  data  from  Tables  1  and 
2  were  averaged  to  serve  as  additional  design  criteria.  Hydratilic 
data  from  cross-section  9  served  as  one  check  on  design  dis- 
charge. We  used  conservative  data  to  provide  some  factor  of 
safety  in  the  chaimel  design.  A  design  channel  slope  of  0.024 
was  selected  because  it  represented  the  average  slope  of  the 
stable  reach  and  enabled  us  to  maintain  a  sinuosity  of  LI, 
which  is  similar  to  that  of  the  stable  reach.  No  systematic 
pool-riffle  pattern  was  observed  in  the  stable  reaches  of  Badger 
Creek. 

Bed  and  Bank  Stability 

FoOowing  the  initial  chaimel  design,  critical  shear  4|pss 
equations  were  used  to  check  channel  bed  and  bank  s* 
(Graff,  1971).  Because  bank  materials  in  the  disturbed  mi  v 
are  essentially  noncohesive  and  unvegetated,  it  is  expected 
that  a  channel  design  based  upon  the  geomorphic  criteria 
would  have  to  be  modified  to  allow  for  increased  bank  sta- 
bility. A  channel  should  adjust  to  an  increase  in  apparent  ba^ik 
cohesion  caused  by  revegetation  by  becoming  narrower  and 
deeper. 

Therefore,  an  initial  channel  design  would  have  to  be  shal- 
lower and  wider  than  the  final  desired  channel.  This  would  be 
accomplished  by  designing  less  steep  chaimel  banks  than  those 
in  presently  stable  reaches.    A  final,  natural  regime  channel 


TABLE  L  Badger  Creek  Oiannei  Data. 


Mannii^ 

Widdi 

Average  Depth 

Slope 

Area 

R** 

Dl6 

•^so 

D84 

Velocity,  ms~* 

Q,BankftULm-Js~i 

XSEC* 

(m) 

(m) 

(num~^) 

imh 

(m) 

(nun) 

(mm) 

(mm) 

(n=.045) 

(n=.045) 

1*** 

7.9 

0.49 

0.014 

3.9 

0.44 

15 

38 

160 

1.53 

5.9 

2*«« 

7.6 

0.40 

0.033 

3.0 

0J5 

12 

90 

160 

2.01 

5^9 

3««. 

5.8 

0.67 

0.018 

3.9 

0J5 

13 

45 

190 

2.01 

7.8 

4»«« 

SJ 

0.61 

0.017 

3J 

0.49 

12 

3? 

120 

1.83 

5.9 

5 

6.7 

0J27 

0.030 

L8 

0.24 

70 

160 

1.49 

2.6 

^««« 

10.4 

0.34 

0.030 

3.6 

0.34 

23 

70 

160 

1.86 

6.7 

5««« 

7.3 

OJO 

0.016 

2J 

0.29 

13 

35 

75 

1.22 

2.8 

7 

10.4 

0.76 

0.028 

7.8 

0.66 

15 

50 

110 

2.84 

22.1      '^ 

8 

21J 

0.36 

0.010 

16.2 

0.70 

30 

80 

140 

1.77 

3.1 

9««* 

5.2 

0.76 

0.021 

3.9 

0J9 

27 

90 

180 

2.29 

8.9 

«*     3 


XSECS  1-6  taken  in  undisturbed  channel,  XSECS  7-9  taken  in  project  section  prior  to  rehabilitation. 

hydraulic  radius. 

held  estimated  bankfull  discharge  (l.S-yr.  event). 
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TABLE  2.  Badger  Creek  Summary  Data  (bankfuU  conditions). 


^ 


W/D  average  for  all  sections  (1-6):  X=18.9  (s=8.3) 
W/D  average  for  sections  M,  5b:  X=16.8  (s=9.2) 

Q:   Average  for  all  sections  (1-6):  5.4  m's"^  (s=.39) 
Q:  Average  for  sections  1-4,  5b:  6.5  m-'s"^  (s=.82) 
Q:  Section  9:  8.9  m^s~^ 


Djg  Section  1-4,  5b:  X=14.7  mm  (s=4.2) 
D50  Section  1-4,  5b:  X=52.5  mm  (s=22.5) 
D34  Section  1-4,  5b:  X=144.4  mm  (s=40.6) 


Overall  slope:  Downstream:  0.025  m.m 

Project  reach:  0.024  m.m 

Drainage  area  at  project  reach:  497  km^ 


-1 
-1 


Section  7-9:  X=24  mm  (s=7.9) 
Section  7-9:  X=73.3  mm  (s=20.8) 
Section  7-9:  X=143.3  mm  (s=35) 


should  then  naturally  evolve  from  a  wider,  shallower  chan- 
nel. 


where: 


»5-  - 


E 
E 


N 


D50  =  -5.63+  2725  S 
r2  :  0.95 


Figure  4.  Median  Particle  Diameter  of  Bed  Material 
Versus  Slope:  Downstream  Stable  Channel  Reach. 


C  =    D/tan  d 
w  =    I9d 


35  - 

30.. 

0 

^      25-  - 

K 

-       20.  - 

a. 
« 
O 
^        15.. 

i    10.. 

5— 

oL 


.01 


.02 


Slope,  m.in 


.03 


.04 


-1 


Iterative  calculations  are  required  to  design  a  stable  channel 
in  noncohesive  materials  which  will  meet  all  capacity,  stability 
and  geometry  requirements  and  evolve  to  a  narrower,  deeper 
channel  with  vegetated  banks.  To  do  this,  the  final  desired 
channel  is  approximated  by  a  trapezoidal  shape  which  best  re- 
presents the  geometry  data  but  with  less  steep  banks  to  pro- 
vide for  initial  bank  stability  (see  definition  sketch,  Figure  6). 
^^oss-sectional  area.  A,  is  then 


) 


A  =  wD-CD 


(1) 


Figure  5.  Width-to-Depth  Ratio  Versus  Slope: 
Downstream  Stable  Channel  Reach. 


Depth,  D,  in  Equation  (1)  is  defined  as  shown  in  Figure  6 
and  differs  from  average  depth,  d,  used  in  the  calculation  of 
w/d  ratios  from  channel  geometry  data.  The  average  depth  of 
a  trapezoidal  channel,  d,  is 


d  =  D 


D(^) 


(2) 


w 
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W 


'^V'tH 


Mlain  Channel 


t 

D 


Eb 


Figure  6.  Design  Qiannel  Definition  Sketch. 


Therefore  cross=section  area.  A,  is 
A  =  19D^-D^/tane 


(3) 


where  6  is  initially  selected  to  be  less  than  the  angle  of  repose 
(36-38*^  for  noncohesive,  moderately  to  slightly  rounded 
material  (Lane,  1955)c 

Using  these  definitions,  dimensions  selected  for  a  trape- 
zoidal channel  design  are: 


Q: 

8.5  m^s-l 

w: 

.     10.1  m 

D: 

0.53  m 

B: 

7J6m 

C: 

1.47  m 

d: 

20® 

A: 

4.6  m2 

d: 

0.46  m 

w/d: 

22  (slightly  >  19  as  required) 

R: 

0.45  m 

S: 

0.024 

V: 

1.83  m/s 

Dl6: 

15  mm 

DSO- 

60  mm 

D84- 

158  mm 

where  R  is  hydraulic  radius,  V  is  mean  flow  velocity  (Q/A), 
and  0|5,  D5Q,  and  Dg4  are  bed  material  particle  sizes  for 
which  16  percent,  50  percent,  and  84  percent,  respectively,  of 
all  bed  material  by  weight  is  Hner.  Because  significant  dif* 
ferences  in  bed  material  size  between  disturbed  and  undis- 
turbed channel  reaches  did  not  exist,  average  values  for  particle 
size  were  used. 


The  channel  variables  selected  above  were  based  upon  the 
desired  hydraulic  geometry  for  the  final  rehabilitated  channel 
The  width-to-depth  ratio  was  increased  by  providing  less  steep 
banks  to  accommodate  stability  requirements  for  no^ve- 
getated,  noncohesive  banks.  These  variables  will  prr 
basis  for  a  check  of  channel  capacity,  bed  and  bank  stk  ', 
bedload  transport  and  potential  for  eventual  chaimei  adjust- 
ment (degradation)  following  bank  revegetation.  Although 
only  one  iteration  of  the  verifying  calculations  is  shown, 
several  iterations  will  usually  be  necessary.  Bank  slope,  d,  will 
be  the  primary  variable  to  be  adjusted.  Some  refinement  in  W 
and  0  may  also  be  necessary. 

Capacity  is  checked  using  Manning's  equation.  In  this 
case".  Manning's  "n"  was  calculated  from  Dg4  according  to 
Limerinos(1970). 


^^2/3  5 1/2      _  (4g5)  (0.45)^^  (0.024)^^2 


0.045 


(4) 


=  9.4  mV^ 


which  is  sufficient  to  contain  the  design  bankfull  discharge 
with  a  small  safety  factor. 

Bed  and  bank  stabiUty  are  checked  using  critical  shear 
stress  equations.  Average  bed  shear  stress,  r^  is 


Tq  bed  =  y,^ 


=  (1,000)  (0.45)  (0.024)  =  10.8  kg  m 


-2 


^) 
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and  average  bank  shear  stress,  t^  u-pj^  is: 


^  ^o  bank 


=  0.77  r 


o  bed 


_2 


=  8.3  kg  m~-  (Simons  and  Senturk,  1977)        (6) 


where  7^  is  the  specific  weight  of  water. 

Critical  shear  stress,  r,,  ^g^j  is  determined  from  Lane  (1955) 
for  coarse  material: 


^c bed  =  008  D75 


(7) 


=  (0.08)  (120)  =  9.6  kg  m 


-2 


Lane  generally  added  20  percent  to  his  calculated  values. 
Thus  T(.  =  11.5  kg  m~-.  In  either  case,  bed  instabihty  is 
achieved  approximately  at  bankfuU  discharge,  which  meets 
the  design  objective. 

Critical  shear  stress  for  the  banks  is  calculated  using  pro- 
cedures in  Graff  (1971).  The  angle  of  repose,  0,  for  coarse 
materials  is  approximately  38°.  The  ratio  of  critical  shear 
stress  of  the  bank  to  the  bed  is 


^^^^n}^  =  cos.^ 

''cbed 


=  0.83 


1-tan^g 
tan^  <t> 


(8) 


Therefore,  if  r^  ^^  is  11.5  kg  m~^,  t^  banks  is 9.5  kgm~-. 

Since  aveage  bankfull  bank  shear  stress  is  8.3  kg  m~-,  the 
banks  are  also  stable  —  though  close  to  incipient  instability  — 
at  bankfull  flow.  This  also  meets  the  design  requirement.  This 
channel  is  essentially  straight  (sinuosity  is  1.1).  A  curved 
channel  would  require  consideration  be  given  to  increased 
shear  stresses  on  outer  banks.  The  maximum  shear  at  a  chan- 
nel bend  can  be  calculated  from  procedures  provided  in  the 
Department  of  the  Army  Engineering  Manual  1110-1-1601 
,(U.S.  Department  of  Defense,  1970). 

As  banks  begin  to  revegetate  (in  approximately  2  to  5  years 
based  on  local  observation),  the  effective  value  of  <p  will  in- 
crease, thus  bank  stability  will  increase.  Vegetation  will  in- 
crease resistance  to  flow  (and,  therefore.  Manning's  "n")  and 
result  in  slightly  greater  depths  to  convey  a  given  discharge. 
Thus,  as  bank  stability  increases,  bed  shear  stress  will  increase 
for  a  given  discharge  and  consequently  bed  stability  will  de- 
crease. In  addition,  bedload  transport  capacity  will  increase. 
If  bedload  transport  rates  into  the  rehabilitated  reach  do  not 
exceed  the  transport  capacity  of  the  reach,  some  degradation 
will  be  encouraged  which  will  reestablish  the  desired  channel 
capacity.  Increased  bank  cohesion  and  resistance  to  flow 
should  also  cause  some  bank  deposition  and  steepening  to 
'^^  ur.  Therefore,  the  rehabilitated  channel  should  evolve  to 
•jf  gime  geometry  representative  of  current  watershed  condi- 
tions. 


Because  channel  cross-section  slopes  and  bed  material  sizes 
in  the  rehabilitated  reach  and  the  more  stable  upstream  reach 
are  so  similar,  a  general  balance  in  bedload  transport  should  be 
achieved.  Gabion  controls,  discussed  below,  should  reduce 
the  risk  of  excessive  degradation  which  could  occur  if  bedload 
transport  out  of  the  project  reach  exceeds  that  into  the  reach. 
However,  excessive  aggradation  could  occur  if  inputs  of  bed 
material  from  upstream  are  unusually  large.  Several  methods 
for  quantifying  bedload  transport  are  provided  in  Graff 
(1971). 

Flood  Plain  Design  and  Control  of  Lateral  Migrations 

We  believe  the  keys  to  achievmg  channel  stability  and  rapid 
evolution  to  a  regime  geometry  are  proper  flood  plain  design 
and  control  of  lateral  channel  migrations  to  provide  the  requi- 
site stability  to  establish  bank  vegetation.  A  properly  designed 
flood  plain  provides  three  important  functions:  (1)  dissipation 
of  destructive  flood  flow  energy  and  discouragement  of  se- 
condary or  multiple  channels,  (2)  concentration  of  primary 
flow  energy  in  the  main  channel,  and  (3)  depositional  area  for 
fine  sediments  and  a  moist,  rich  habitat  for  vegetation  growth. 

The  objectives  in  the  design  of  the  flood  plain  are  to: 
(1)  provide  sufficient  spillover  capacity  for  up  to  50-  to  100- 
year  flood;  (2)  encourage  fine  sediment  deposition,  revegeta- 
tion,  and  evolution  towards  a  natural  geomorphic  and  riparian 
condition;  and  (3)  approximate,  as  closely  as  possible,  a  na- 
tural or  stable  channel  fiood  plain  condition  while  minimizing 
required  earthwork  and  related  expense. 

Referring  to  the  definition  sketch  (Figure  6),  Lf  and  Hf  de- 
fine the  width  and  depth  of  each  flood  plain.  The  down  valley 
slope  specifies  the  downstream  flood  plain  slope.  A  required 
value  for  Hf  can,  therefore,  be  determined  for  a  given  Lf  and 
required  cross-sectional  area  for  flow  (we  used  a  Manning's 
"n"  of  0.03  for  the  flood  plain),  where  Lf  will  be  set  by  the 
width  of  the  valley  (alluvial)  floor.  Hf  is  most  easily  set  by 
adjusting  the  base  elevation  of  the  main  channel,  Ej,.  The 
final  flood  plain  variable  is  the  cross-section  slope,  a.  While  a 
may  be  prescribed  by  reasonable  limits  of  Hf  or  Lf,  it  is  de- 
sirable that  a  approximates  the  cross-sectional  slope  of  mature 
flood  plains  along  undisturbed  channel  reaches.  At  Badger 
Creek,  a  is  approximately  2  percent.  Even  if  Lf  were  to  permit 
it,  we  don't  think  the  a  value  should  be  less  than  1  percent.  An 
over-flattened  flood  plain  could  encourage  excessive  main 
channel  aggradation.  In  certain  situations  (e.g..  narrow  valley 
floor)  Hf  will  be  large  and  must  be  greater  than  2  percent. 
However,  over-steepened  flood  plains  may  encourage  excessive 
main  channel  scour. 

Lateral  channel  migration  -  which  will  be  discouraged  in 
part  by  proper  flood  plain  design  -  can  be  further  controlled 
by  periodic  placement  of  structures  to  force  the  main  channel 
through  a  predetermined  location.  As  stated  above,  it  was 
observed  that  natural  bed  and  bank  controls  caused  by  rock 
outcrops  seemed  to  restrict  the  lateral  movement  of  the  chan- 
nel for  roughly  300  m  upstream  and  downstream  of  the  con- 
trol. Therefore,  we  recommended  the  placement  of  gabions  at 
approximately  300  m  intervals  along  the  rehabiUtated  channel. 
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The  gabions  should  be  constructed  of  large  (Im  x  2m  x  0.5  m) 
river-type  baskets  one  layer  deep  and  two  baskets  wide.  They 
should  be  placed  0.5  m  below  the  channel  bed,  but  flush  with 
the  channel  bank  to  allow  vertical  adjustment  of  the  channel 
but  no  lateral  movement.  Gabion  wings,  flush  with  the  flood 
plain,  should  extend  at  the  design  flood  plain  slope  approxi- 
mately 8  m  onto  each  flood  plain.  In  addition  to  discouraging 
lateral  migrations  of  the  channel,  the  gabions  will  also  provide 
a  lower  base  level  for  a  degrading  chaxmeL  Because  the  gabions 
are  either  submerged  or  flush  with  the  channel,  they  should 
become  inconspicuous  following  complete  channel  rehabilita° 
tion. 


DISCUSSION 

The  final  dimensions  for  the  Badger  Creek  deseed  channel 
area  are  given  above.  Figure  7  depicts  the  expected  evolution 
of  the  channel  following  revegetation  of  the  banks  from  the 
initial  trapezoidal  shape  to  a  final  case  where  banks  are  more 
stable  due  to  revegetation  and  the  cross-section  is  narrower  and 
deeper.  The  designed  channel  is  fairly  straight  and  it  is  not 
expected  that  a  systematic  pool-riffle  pattern  will  develop. 


CASE  1  *>        Initial  channel  design. 

-  w, 


CASE  2 


Banks  start  to  revegetate. 


(short  vegetation) 


CASE  3  »        Banics  steepen:  depth  increases. 


(tall  vegetation) 


Figure  7.  Sketdi  Showing  Expected  Evolution  of  the  Rehabilitated 

Channei  from  Case  1  (initially  constricted)  to  Case  2  (initial 
vegetative  stabilization  of  banics)  to  Case  3  (final  regime  channel). 


Implementation  of  the  Badger  Creek  restoration  project 
was  originaily  scheduled  for  the  fall  of  1983,  but  has  been 
postponed  indefinitely,  so  vahdation  of  the  design  is  tf^if^y  v 
sible  at  this  time.  In  addition  to  construction  of  the  ^  A 
and  flood  plain,  grass  seedii^  and  willow  planting  are  planned. 
Also,  willows  and  cottonwoods  are  expected  to  become  estab- 
lished on  the  channel  banks  through  natural  succession. 

While  the  per-kilometer  cost  of  a  channel  project  of  this 
type  is  low  compared  to  a  constructed,  immobile  channei, 
there  is  a  clear  risk  of  project  failure.  The  stable  channel  de- 
sign given  above  is  based  on  a  conservative  design  flovf  of 
8.5  m^s~^.  We  estimate  the  return  period  of  tins  flow  to  be 
approximately  two  years.  The  reconstructed  chaimel  is  de- 
signed to  withstand  the  two-year  return  flow  regardless  of  the 
number  of  events.  The  major  concern  is  for  flows  having  a 
return  period  of  between  5  and  20  years.  Flows  with  return 
periods  greater  than  20  years  have  less  than  a  10  percent 
chance  of  occurring  in  the  first  two  years  of  project  life.  The 
five-year  flood  has  a  36  percent  chance  of  being  equaled  or  ex° 
ceeded  in  the  first  two  years.  This  represents  a  high  risk,  since 
the  five-year  flood  (approx.  54  m^s~^)  could  do  considerable 
damage  to  the  new  channel.  With  the  installation  of  the  gabion 
controls,  we  feel  the  channei  could  withstand  one  such  flo<»d 
event  without  serious  consequences.  The  t«i-year  flood 
(approx.  110  m^s"^)  has  a  19  percent  chance  of  occurring  at 
least  once  in  the  first  two  years.  Again,  the  gabion  controls 
would  probably  prevent  destruction  of  the  new  channel  h"  *he 
ten-year  flood,  lowering  the  risk  of  total  project  failurea*"       ' 

We  feel  the  design  channel,  together  with  the  gabid.djusti. 
trols,  represents  a  reasonable  compromise  between  excessi\% 
project  costs  and  high  risk  of  failure.  After  the  initial  two 
years,  the  channel  stabihty  will  gradually  increase  as  vegetation 
invades  the  banks  and  flood  plain.  The  cliannel  will  evolve 
over  time  into  a  slightly  narrower  and  deeper  conflguration. 
With  this  evolution  towards  greater  stability,  the  risk  of  pro- 
ject failure  decreases  with  time.  A  monitoring  program,  in- 
cluding discha^e  and  periodic  channel  geometry  measure- 
ments, is  plaimed  to  quantify  the  actual  results  of  the  channel 
and  riparian  restoration  project. 

We  attempted  to  make  our  channel  design  procedure  as 
generalized  as  possible.  However,  we  cannot  overempluui^e 
the  importance  of  analyzing  each  project  situation  indi- 
vidually. Especially  important  is  assessing  the  direction  of 
disturbance  from  the  geomorphic  norm  and  determining  both 
the  probable  cause  of  the  disturbance  and  the  current  water- 
shed condition.  Since  a  disturbed  channel  is  an  effect  of  wa- 
tershed conditions,  it  is  important  not  to  attempt  this  type 
of  project  until  the  watershed  condition  which  caused  the 
disturbance  is  corrected. 
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Long  Gulch  Sediment  Control  and 

Riparian  Habitat  Improvement  Project 

Decision/Record  Rationale 


I.  Long  Gulch  Project 

Proposed  is  the  construction  of  a-  sediment  control  project  to 
reduce  dovrastream  sediment  yields,  heal  a  gullied  drainageway,  and 
restore  the  riparian  habitat  in  the  drainageway.  The  project  area 
is  comprised  of  loamy,  alluvial  soils  in  a  historic  riparian  zone, 
and  is  located  approximately  six  miles  southeast  of  Gunnison, 
Colorado. 


II.  Alternatives 

A.  Alternative  I  -  Check  Dams  and  Headcut  Treatment  -  Proposed 
Action  (see  page  20  of  the  attached  Activity  Plan). 

B.  Alternative  II  -  Headcut  Treatment  (see  page  20  of  the 
attached  Activity  Plan). 

C.  Alternative  III  -  No  Action  (see  page  20  of  the  attached 
Activity  Plan). 


III.  Decision  and  Rationale 

A.  Decision 

Adopt  the  proposed  action. 

B .  Rationale 

1.  The  proposed  project  would  be  in  compliance  with  the 
Gunnison  Basin  MFP,  BLM  policy,  and  several  Federal 
statutes  and  executive  orders  which  are  listed  on  page  2 
of  the  attached  Activity  Plan. 

2.  The  proposed  project  would  reduce  downstream  sediment 
yields  and  restore  historic  riparian  habitat.  Secondary 
benefits  would  include:  increased  livestock  forage, 
improved  wildlife  habitat,  seasonal  water  for  livestock 
and  wildlife,  flood  control,  and  improved  visual  quality, 

C.  Mitigation 

No  mitigation  is  necessary  for  this  project  other  than  that 
already  incorporated  in  the  proposed  action. 


D.    Compliance /Monitoring 

Contract  compliance  would  be  handled  by  the  GBRA  Engineering 
Technician. 

A  monitoring  plan  is  outlined  on  pages  25  and  2  6  of  the  attached 
Activity  Plan.  ^. 


IV e   Conclusion 


Based  on  the  analysis  in  the  attached  EA,  I  conclude  that  selecting 
the  preferred  alternative  will  not  result  in  significant  impacts  to 
the  environment,  and  therefore  conclude  an  EIS  is  not  necessary. 
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Watershed  Activity  Plan 

Long  Gulch  Sediment  Control  and  Riparian  Habitat  Improvement  Project 
I.    Introduction 

A.  Purpose 

The  Federal  Land  Policy  and  Management  Act  (FLPMA) ,  Public  Lands 
Improvement  Act,  and  other  Federal  statutes ^and  executive  orders  direct 
the  Bureau  of  Land  Management  (BLM)  to  prevent  undue  degredation  of 
public  lands  and  maintain  and  improve  soil  and  water  conditions  on  that 
land.   Forage  production  for  livestock  and  wildlife,  wildlife  cover,  and 
vegetative  cover  for  watershed  protection  are  dependent  upon  maintaining 
the  soils  inherent  productivity.   Surface  water  produced  on  public  land 
is  important  for  livestock,  wildlife,  fisheries,  recreational,  domestic 
agricultural  and  industrial  usage.   These  uses  are  enhanced  by  the 
maintenance  of  good  watershed  conditions  on  public  land. 

The  Montrose  District  has  chosen  Long  Gulch,  a  25  square  mile 
watershed  located  approximately  six  miles  southeast  of  Gunnison,  Colorado 
(Figure  1)  for  sediment  control  and  gully  rehabilitation  work.   Portions 
of  this  drainage  network  are  actively  headcutting  and  contributing 
sediment  to  downstream  private  farmland  and  the  Tomichl  Creek  drainage. 
Sediment  which  reaches  the  Tomichl  Creek  to  Gunnison  River  drainages  is 
eventually  deposited  in  Blue  Mesa  Reservoir,  approximately  15  miles 
downstream.   Much  of  the  drainage  stem  has  potential  for  restoration  of 
riparian  habitat. 

B.  Objectives 

The  objectives  of  this  project  are  to: 

1.  reduce  downstream  sediment  yields  by  300  tons  per  year; 

2.  reduce  accelerated  channel  erosion  and  the  resultant  soil  loss 
on  actively  eroding  portions  of  the  drainage  system.   Promote 
aggradation  of  the  gullied  portions  of  the  channel  and  stabilize  10 
active  knickpolnts  and  headcuts; 

3.  raise  the  alluvial  water  table  and  restore  the  riparian  zone 
along  three  miles  of  the  drainage  system; 

4.  decrease  downstream  peak  flows  (flood  control); 

5.  increase  vegetation  production  for  watershed  cover  and 
available  forage  for  livestock  and  wildlife; 

6.  improve  habitat  (cover)  for  wildlife; 

7.  provide  seasonal  water  for  livestock  and  wildlife. 

C.  Constraints 


Range  management  is  concerned  that  livestock  have  continued  access 
to  water  and  forage  in  the  project  area.  Construction  of  any  exclosures 
would  need  to  be  closely  coordinated  with  that  program  and  provisions 


made  for  livestock  needs.  All  exclosures  would  need  to  be  constructed 
with  a  gate  to  allow  release  of  livestock  that  crawl  through  the  fence. 
The  lower  wire  would  need  to  be  spaced  close  enough  to  the  ground  that 
livestock  calves  could  not  easily  crawl  underneath  it.  Any  exclosures 
constructed  would  have  to  comply  with  wildlife  program  specifications  for 
safety  of  deer  and  elk.  Water  troughs  would  need  to  have  escape  ramps 
for  animals  falling  into  the  trough. 

D.    Authority 


jective  #8  of  the  soil,  water  and  air  portion  of  the  Gunnison 
Basin  Management  Framework  Plan  (MFP)  is  to  maximize  the  containment  of 
sediments  through  a  combination  of  water  control  structures,  land  use 
restrictions  and  vegetation  treatment.   BLM  written  policy  is  to  stop  the 
deterioration  of  public  lands  due  to  accelerated  erosion  and  runoff  and 
rehabilitate  those  areas  where  watershed  values  are  significantly  below 
their  potential.   This  policy  is  supported  by  several  Federal  statutes 
and  executive  orders ,  among  them  the  Watershed  Protection  Act  and  Flood 
Control  Act  of  1954,  FLPMA  of  1976,  Public  Rangelands  Improvement  Act  of 
1978  and  Executive  Orders  11752  and  11990. 

E.    Project  Summary 

This  project  would  utilize  several  gully  treatment  techniques  to 
rehabilitate  gullied  drainageways ,  control  sediment  yield  and  restore 
riparian  habitat.  This  activity  plan  addresses  the  proposed  action, 
which  is  to  construct  35  porous  check  dams  utilizing  gabions,  single 
fence  or  double  fence  structures  on  the  main  stem  of  Long  Gulch  (see 
Figure  2,  Site  3)  and  27  check  dams  on  one  of  its  tributaries  (see  Figure 
2,  Site  1).  The  lower  2.5  miles  of  the  main  stem  would  be  treated  by 
constructing  a  grassed  waterway  (see  Figure  2,  Site  4).  Approximately  10 
headcuts  would  be  stabilized  on  the  treated  tributaries  (see  Figure  2, 
Sites  1  &  2).  Also  one  tributary  channel  would  be  redefined  in  two  short 
(200  feet)  stretches  that  were  filled  in  with  sediment  (see  Figure  2, 
Site  1).  A  fragile,  well  vegetated,  natural  seep  area  on  the  treated 
tributary  would  be  fenced  off  with  a  livestock  exclosure  to  prevent 
trampling  and  additional  headcuttlng.   Plantings  of  cottonwood,  willow  or 
other  woody  riparian  vegetation  may  be  performed  via  wildlife  funding.  A 
1.2  mile  long  stretch  of  an  infrequently  used  BLM  spur  road  would  be 
closed  and  put  to  bed.  Short  portions  of  the  county  road  (Six  Mile  Lane) 
may  need  to  be  relocated  or  water  barred.   (This  will  be  coordinated  with 
the  Gunnison  County  Road  Department.)  A  second  tributary  drainage,  that 
was  burned,  and  is  exhibiting  some  gully  erosion  would  be  monitored  and 
recommended  for  treatment  if  the  channel  does  not  heal  itself  naturally 
(see  Figure  2,  Site  2).  Other  alternatives  for  site  1  are  discussed  in 
the  environmental  assessment  (pg.  20). 

The  objectives  outlined  in  this  plan  are  supported  by  several 
objectives  in  the  Gunnison  Basin  MFP,  Gunnison  Basin  Hl-IP  and  Lower 
Cochetopa  Common  Allotment  AMP.   See  Section  I.D.  and  II. B.  for  a  full 
description  of  these  supporting  objectives. 
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The  benefit/cost  ratio  for  Site  1  is  approximately  0.525.   Costs 
are  estimated  to  be  about  ^15,000  while  ^7,880  benefits  would  accrue  over 
a  five  year  period.   Benefit /cost  ratio  and  cost  estimates  will  be 
calculated  for  subsequent  phases  of  this  project  when  a  more  detailed 
survey  and  design  is  done  and  the  EA  is  written  for  each  phase. 

Table  1-Proposed  Treatment  Schedule 

Implement  Cost 

Project  Phase  in  FY  Estimate 

r 

Site  1-27  check  dams,  seep  85  $15,000 

exclosure 

Site  2  -  Monitor,  riprap  knickpoints     -  - 

and  headcuts  or  build  check  dams 
as  needed 

Site  3-35  check  dams 

Phase  A  -  Upstream  from  spring  in    86-87  - 

Nl/2  Sec.  31,  T.  49  N.,  R.  2  E. 
Phase  B  -  Downstream  from  spring     88-89 

Site  4  -  Grassed  waterway  90  - 

II.   Project  Identification  and  Background 

A.    Location  and  Setting 

1.   Location 

Long  Gulch  is  located  in  the  Gunnison  River  Basin,  which  is  part  of 
the  Upper  Colorado  River  Basin  (see  Figure  1).   Long  Gulch  extends 
into  both  Saguache  and  Gunnison  Counties,  Colorado.   The  legal 
description  of  the  proposed  project  area  is: 

New  Mexico  Principal  Meridian 

Sees.  13,  14,  24,  25,  part 
Sees.  30,  31,  part 
Sees.  6,  part 


T49N 

RIE 

T49N 

R2E 

T48N 

R2E 

2.   Climate 

^ 


The  climate  is  semi-arid  with  mean  annual  precipitation  ranging 
from  12  to  16  inches  at  the  lower  and  upper  ends  of  the  watershed, 
respectively.   July  and  August  have  the  highest  precipitation  with 
much  of  it  coming  from  violent  convective  thunderstorms.  May  and 
June  are  the  driest  months.   Cold  winters  and  cool  summers  prevail 
with  a  mean  annual  temperature  of  approximately  37  F  and  a  90  day 
frost-free  season. 


3.  Topography  and  Geology 

The  area  is  a  moderately  rolling  to  steeply  rolling  upland  f 

dissected  by  drainageways.   High  mountains  form  the  southern  flank 
of  the  watershed  and  flat  topped  mesas  separate  it  from  Cochetopa 
Creek  watershed  to  the  east.   Elevations  range  from  7800  feet  at 
the  lower  end  to  9700  feet  at  the  headwaters  near  Cooper  Mountain. 

Precambrian  metamorphic  rocks,  tuffs  and  colluvial  gravel  deposits 
occur  on  the  uplands  and  mesas  in  the -watershed.   Igneous  rocks 
underlie  Schisto  Basin  near  the  headwaters. 

4.  Soils 

The  narrow  alluvial  bottoms  have  deep,  very  poorly  drained  to  well 
drained,  dark  colored  soils  that  are  stratified  and  vary  widely  in 
texture.   Loam  and  sandy  loam  textures  are  prevalent,  though. 
Gravel  and  cobble  areas  are  interspersed  throughout  the  soil.   Due 
to  their  great  variability,  these  soils  are  not  named  or  classified 
(USDA,  SCS  1976).   Drainageways  that  are  not  protected  by  adequate 
plant  cover  are  subject  to  entrenchment  and  headcutting.   The 
alluvial  water  table  in  most  areas  has  been  lowered  by  the 
entrenchment  of  drainageways . 

The  surrounding  uplands  have  deep  and  moderately  deep,  well  drained 

loamy  soils  on  the  north  and  west  slopes.   These  soils  have  a 

medium  runoff  rate  and  moderate  to  high  erosion  rate.   The  south 

slopes  are  occupied  by  mainly  shallow,  droughty,  well  drained  loamy      4usf 

soils.   These  soils  have  a  high  runoff  rate  and  moderate  to  high 

erosion  rate.   These  upland  soil&  are  classified  at  the  Great  Group 

level  as  Argiborolls,  Cryoborolls,  and  Haploborolls. 

5.  Water  Resources 

Long  Gulch  is  an  intermittent  stream  that  flows  largely  in  response 
to  snowmelt  and  rainfall  events.   There  are  several  springs  that 
also  supply  water  to  the  stream.   At  low  flow  this  water  is  lost  in 
the  alluvium,  presently.   Raising  the  water  table  would  extend  the 
period  of  flow  in  the  stream.   Long  Gulch  drains  northward  into 
Tomichi  Creek  and  eventually  into  the  Gunnison  River.   The  average 
stream  gradient  is  about  2.5  percent  with  side  tributaries  up  to  4 
or  5  percent  slope.  Water  quality  is  generally  poor  due  to  high 
sediment  loads  during  peak  flows . 

6.  Vegetation 

The  vegetation  along  the  wetter  portions  of  the  drainageways  is 
meadow  grasses,  sedges,  rushes,  willow,  and  narrowleaf  cottonwood. 
Where  the  alluvial  water  table  has  been  lowered  and  along  drier 
portions  of  the  drainageways,  big  sagebrush  and  rabbitbrush 
dominate  the  site  with  a  variable  understory  composition  including 
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western  wheatgrass.  Basin  wild  rye,  needlegrasses ,  forbs  and  other 
shrubs.   Portions  of  the  drainageways  that  were  prescribed  burned 
in  1983  are  dominated  by  grass  and  forbs. 

The  upland  areas  support  Wyoming  big  sagebrush  or  black  sagebrush 
with  Greene's  rabbi thrush,  Indian  ricegrass,  pine  needlegrass, 
bottlebrush  squirreltail  and  various  forbs  the  principal  understory 
species. 

There  are  no  known  populations  of  threatened,  endangered  or 
sensitive  plant  species  in  the  watershed  area. 

7.  Wildlife 

Sage  grouse,  mourning  dove,  raptors  and  many  non-game  birds  occur 
in  Long  Gulch.  Deer  and  elk  winter  on  the  uplands  adjacent  to  Long 
Gulch  and  deer  make  some  year-round  use  of  the  drainageways. 
Rabbits,  coyotes,  rodents,  and  other  non-game  mammals  are  present 
in  the  watershed. 

No  known  populations  of  threatened,  endangered  or  sensitive  animal 
species  occur  in  the  watershed  or  are  likely  to  occur  there. 

8.  Recreation,  Visual  Resources 

Recreational  use  in  Long  Gulch  watershed  is  light.   It  includes 
dove,  sagegrouse  and  big  game  hunting,  and  ORV  use.  The  area  is 
designated  open  for  ORV  use  in  the  Gunnison  Basin  ORV  Plan. 

The  watershed  is  in  VRM  Class  IV.  This  class  allows  landscape 
modifications  of  any  visual  contrast  level  which  may  dominate 
natural  features.  However,  project  designs  should  incorporate 
characteristic  forms,  lines,  colors  and  textures  in  the  area  when 
feasible. 

9.  Cultural  Resources 

Archeological  sites  consisting  of  lithic  scatters  have  been  found 
in  adjacent  drainages.  A  class  III  pedestrian  survey  will  be 
conducted  prior  to  initiation  of  any  construction  activities  and 
significant  sites  will  be  protected. 

B.    Current  Management 

The  Long  Gulch  watershed  is  encompassed  by  Lower  Cochetopa  Common 
Allotment  #6312.  The  permittees  run  cow/calf  operations  from  May  16  to 
October  15  under  a  rest  rotation  system.  Each  pasture  is  rested  1  year 
out  of  4.  The  recently  revised  AMP  includes  general  objective  //4  stating 
goals  to  maximize  soil  water  infiltration  while  minimizing  soil  erosion 
and  sediment  yield.  The  AMP  identifies  extensive  portions  of  Long  Gulch 
and  other  sites  totaling  over  4,000  acres  for  sagebrush  reduction  using 
prescribed  burning  and  herbicide  spraying  techniques. 


The  Gunnison  Basin  Habitat  Management  Plan  includes  the  Long  Gulch       ^ 
Watershed.   One  of  the  primary  objectives  of  that  plan  is  the  maintenance      I 
and  improvement  of  riparian  habitat  through  protection  and 
rehabilitation.  Objective  R-5  is  to  rehabilitate  historic  riparian  areas 
that  have  been  lost  or  impacted  from  the  lowering  of  water  tables. 
Objective  R-4  is  to  decrease  soil  erosion  in  riparian  areas  by 
maintaining  or  improving  stream  bank  stability »  These  recommendations 
are  further  supported  by  MFP  wildlife  recommendation  WL"24o6  which  states 
that  on  sites  where  gullying  is  severe  and/or  vegetation  is  lacking  or 
invaded  by  shrubs,  treat  the  area  by  constructing  gully  plugs  (gabions  or 
detention  dams)  and  vegetative  treatment. 

Public  interest  in  a  land  exchange  involving  over  4,000  acres  of 
private  land  in  the  Long  Gulch  watershed  is  being  analyzed.  This 
represents  most  of  the  private  land  in  the  watershed. 

Mineral  activity  is  minimal  at  present  though  there  are  numerous 
mining  claims  in  the  area. 

This  activity  plan  and  the  proposed  projects  are  in  conformance 
with  the  Gunnison  Basin  Management  Framework  Plan,  1979. 

C.    Problem  Identification  and  Proposed  Treatments 

1.  Introduction 

There  are  four  project  sites  identified  in  the  Long  Gulch  watershed      /ust 
(see  Figure  1  &  2),  each  requiring  a  different  management  approach 
to  achieve  the  stated  objectives.   Project  sites  3  and  4  are 
located  on  the  main  stem  of  Long  Gulch  while  sites  1  and  2  are 
tributary  drainages.  The  project  sites  are  numbered  in  treatment 
priority.   Since  site  1  is  of  primary  importance,  more 
site-specific  data  has  been  collected  on  this  area.  As  more  data 
is  collected  on  the  other  sites  it  will  be  incorporated  into  this 
document  via  amendments  or  environmental  assessments. 

Sites  1  and  2  are  adjacent  tributary  watersheds  of  2c 2  and  0.9 
square  miles,  respectively.  The  drainage  bottoms  of  these  two 
watersheds  were  prescribed  burned  (temporarily  removing  most  of  the 
watershed  cover)  in  the  spring  of  1983  to  enhance  livestock 
forage.   In  late  July  of  the  same  year  these  areas  were  subjected 
to  a  high  intensity-short  duration  thunderstorm  which  initiated 
gully  formation. 

2.  Site  1 

Site  1  was  selected  as  first  priority  for  treatment  because  of  the 
severity  and  immaturity  of  it's  gully  system,  and  the  potential  for 
continued  channel  erosion  and  riparian  habitat  loss.   It  appears 
that  an  earthen  dam  associated  with  a  spring  development, 
immediately  upstream  from  the  gully  system,  breached  during  the 
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July  1983  thunderstorm,  augmenting  the  flood  peak  and  gullying 
activity.   Presently,  this  site's  gully  system  is  comprised  of 
three  discontinuous  gullies  with  large  sediment  deposits  (formed 
from  channel  material  eroded  during  gully  formation)  at  the  mouth 
of  each  gully.   These  deposits  have  caused  diversions  in  the  stream 
channel  and  additional  erosion.   The  lowermost  gully  has  not  yet 
fused  with  the  mains tern  of  Long  Gulch.   The  gully  system,  including 
the  sediment  deposits,  is  approximately  4,000  feet  long  with  a 
vertical  change  in  elevation  of  173  feet  (4  percent  grade)  (see 
longitudinal  profile  in  appendix  4). 

This  gully  system  is  presently  very  active  as  characterized  by 
headward  erosion,  several  channel  knickpoints,  and  eroding  vertical 
gully  banks.   From  calculations  made  during  the  field  survey  in  the 
summer  of  1984,  approximately  1600-1700  tons  of  earth  have  been 
eroded  to  form  the  existing  gully  system.   Left  in  this  condition, 
runoff  from  the  upstream  spring  (which  flows  perennially  in  some 
years)  and  from  snowmelt  and  rainfall  events  would  prevent  this 
gully  system  from  naturally  stabilizing,  until  the  individual 
gullies  have  fused  together  and  the  gully  bottom  has  reached  a 
stable  level.   This  condition  would  take  decades  to  achieve 
naturally  and  at  the  expense  of  loosing  several  thousand  more  tons 
of  soil  to  erosion  and  a  much  lowered  alluvial  water  table. 
Consequently,  the  riparian  vegetation  complex  would  change  to  more 
xeric  species. 

The  proposed  treatment  for  reclaiming  and  stabilizing  site  1  would 
consist  of:   1)  strategically  placing  approximately  27  check  dams, 
and  treating  2-3  headcuts  (see  figure  5A)  in  the  gully  system  to 
trap  sediment,  raise  the  alluvial  water  table  and  restore  stability 
to  the  stream  channel;  2)  redefining  the  stream  channel  through  the 
earthen  deposits;  3)  installing  a  livestock  exclosure  around  the 
spring  source  and  piping  the  water  out  of  the  riparian  zone  (the 
gullying  has  resulted  in  some  damage  to  this  area);  4)  limiting 
future  livestock  forage  utilization,  in  the  alluvial  bottoms,  to 
50-60  percent  of  key  species  (for  more  specific  information,  see 
the  watershed  analysis  section) . 

3.   Site  2 

Site  2  has  a  relatively  small  drainage  area  and  is  free  of  springs 
and  water  developments,  unlike  site  1.   Consequently,  the  gully 
erosion  problem  in  this  drainage  is  not  as  severe.  A  field  survey, 
in  the  summer  of  1984,  noted  approximately  six  discontinuous 
gullies  with  few  reaches  exceeding  three  feet  in  depth.   In  most 
cases  it  appears  that  these  gullies  are  aggrading,  with  the  gully 
walls  retreating  rapidly  to  the  angle  of  repose.   The  headcuts 
associated  with  the  gullies  are  still  somewhat  active  but  barring 
any  major  runoff  events  within  the  next  2-3  years  and  limiting  key 
forage  species  utilization  to  fifty  percent,  stability  should  be 
restored  to  these  areas  naturally. 


Therefore,  it  was  decided  that  no  structural  treatment  would 
initially  be  necessary  for  this  drainage.   Rather,  a  routine  field 
reconnaissance  would  be  conducted  to  monitor  the  condition  of  the 
gully  system  (This  would  be  a  part  of  the  monitoring  plan  discussed 
in  Section  IV  of  this  document).   If  these  gullies  continue  to 
degrade,  as  determined  by  monitoring,  structural  treatment  would  be 
considered. 

4o   Sites  3  and  4 

Sites  3  and  4  are  located  along  the  Ipwer-gullied  reaches  of  Long 
Gulch  (see  Figure  2).   The  topographical  low  point  of  site  4  drains 
approximately  22.35  square  miles.   Excessive  past  livestock 
grazing,  and  poor  road  location  and  maintenance  are  probably  the 
factors  primarily  responsible  for  the  present  gully  system.   The 
gully  is  continuous  for  approximately  4.5  miles  through  sites  3  and 
4.  The  gully  is  in  a  mature  stage,  meaning  it  has  reached  a  stable 
base  level  and  most  of  the  gullied  walls  are  vegetated  to  varying 
degrees  and  relatively  stable.   Consequently,  the  sediment  yield 
and  channel  erosion  is  now  lower  than  during  earlier  stages  of 
gully  development.   The  objective,  therefore,  in  treating  this 
gully  system  is  to  raise  the  alluvial  ground  water  table  and 
attenuate  the  intermittent  flow  regime  to  enhance  and  increase  the 
size  of  the  present  riparian  zone. 

Long  Gulch,  in  sites  3  and  4,  is  for  the  most  part,  intermittent. 
However,  alluvial  springs  in  site  3  do  provide  perennial  flow  for 
some  distance  downstream.   This  water  usually  subs  into  the 
alluvium  and  resurfaces  several  times  before  being  lost  permanently 
to  the  thicker  alluvial  deposits  in  the  lower  reaches  of  site  4. 
Site  3  exhibits  gully  reaches  greater  than  six  feet  deep.   The 
gully  gets  progressively  shallower  downstream  where  at  the  lower 
portion  of  site  4,  the  channel  is  entrenched  1-3  feet.   The 
availability  of  water  (alluvial  springs),  and  potential  to  raise 
the  water  table  and  gully  bottom,  makes  site  3  an  attractive 
candidate  for  riparian  habitat  improvement.  The  degree  of 
structural  treatment  performed  on  site  4  would  heavily  depend  on 
the  success  achieved  in  treating  site  3. 

The  proposed  treatment  on  site  3  would  consist  of:  1)  the 
installation  of  approximately  35  check  dams;  2)  the  closing  and 
reclaiming  of  the  spur  road  off  of  six  mile  lane,  running  north  and 
south  through  the  center  of  section  31;  3)  future  livestock  forage 
utilization  would  be  limited  to  50-60  percent  of  key  species,  in 
the  riparian  zone. 

Due  to  the  relatively  shallow  gullying  in  site  4,  in-channel 
structures  would  not  be  cost  effective.   Therefore,  assuming 
successful  treatment  of  site  3,  a  grassed  waterway  (see  Figure  3) 
would  be  proposed  for  site  4.   Livestock  forage  utilization  would 
be  limited  to  50-60  percent  of  the  key  species « 
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D.   Description  and  Design  Standards  for  Proposed  Treatments 
(Alternative  1) 

1.   Site  1 

A  system  of  check  dams  strategically  installed  on  site  1  (see 
Figure  2)  would  transform  the  present  active  gully  system  into  a 
stream  channel  closely  resembling  that  of  pre-gully  conditions. 
The  ckeck  dams  would  achieve  this  condition  by  widening  the  gully, 
thereby,  reducing  water  velocity  and  ;tractive  forces  on  the  channel 
bottom  and  sides,  and  forming  a  sediment  deposit  behind  each  dam. 
These  two  factors  would  allow  vegetation  to  become  established  on 
the  channel  banks  and  bottom,  which  would  add  long-term  stability 
to  the  channel.   The  accumulated  sediment  would  also  raise  the 
gully  bottom  and  the  alluvial  water  table,  and  act  as  an  alluvial 
aquifer.   Consequently,  the  present  flow  regimen  would  be 
attenuated  and  a  more  extensive  riparian  zone  established. 

Assuming  the  needed  materials  can  be  locally  purchased,  porous 
check  dams  would  be  preferred  over  non-porous  check  dams.   Both  dam 
types  would  ultimately  stabilize  the  gully,  however,  both  the  head 
of  flow  over  the  spillway  and  the  dynamic  and  hydrostatic  forces 
against  the  porous  check  dam  are  less.   This  is  a  result  of  part  of 
the  flow  being  released  through  the  structure.   Consequently, 
porous  check  dams  can  withstand  higher  flows  than  non-porous  check 
dams,  and  the  risk  of  failure,  due  to  flooding,  is  reduced. 
Assuming  that  the  presently  active  knickpoints  or  headcuts  on  site 
1  don't  migrate  significantly  before  project  construction, 
approximately  27  check  dams  would  be  needed  to  rehabilitate  the 
gully  system.   The  lowermost  dam  on  each  gully  would  be  placed  near 
the  gully  mouth,  where  the  channel  geometry  approximates  that  of  a 
stable  channel  reach.   This  would  help  prevent  lateral  channel 
migration  and  the  maintanance  of  a  stable  base  level.   The 
remaining  check  dams  would  be  installed  so  the  sediment  deposit, 
behind  each  dam,  reaches  the  toe  of  the  next  upstream  dam.   The 
size  and  extent  of  each  sediment  deposit  is  influenced  by  the  dam 
height,  gully  gradient,  flow  velocity,  and  the  physical 
characteristics  of  the  sediment.   Depending  on  these  factors, 
studies  have  shown  the  sediment  deposit  gradient  to  vary  from  30  to 
60  percent  (mean  of  45  percent)  of  the  original  gully  gradient. 
Exceptions  to  this  rule  of  check  dam  spacing  would  occur  where 
large  headcuts  or  knickpoints  exist.   This  may  require  more  closely 
spaced  check  dams  to  ensure  that  the  sediment  deposits  reach  the 
headcut  or  knickpoint  rim.   The  longitudinal  profile,  in  Appendix 
4,  shows  the  proposed  placement  of  the  27  check  dams. 

Typical  construction  plans  for  the  proposed  type  of  check  dams  can 
be  found  in  figures  4A  and  4B.   The  single  fence  check  dams  should 
be  used  only  when  the  dam  height  is  two  feet  or  less.   These 
structures  consist  of  a  wire-mesh  fence,  fastened  to  steel  fence 
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a  =  original  gully 

bottart 
b  =  original  gully 

cross  section 
c  =  spillway 
d  =  crest  of  freeboard 
e  =  excavation  for  key 
f  =  excavation  for 

apron 
g  =  end  sill 
h  =  steel  fencepost 
i  =  re-bar,    0.  S  inch 

in  diameter 
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a  =  original  gully 

bottom 
b  =  original  gully 

cross  section 
c  =  spilluay 
d  =  crest  of  freeboard 
e  =  excavation  for  key 
f  =  excavation  for 

apron 
g  =  end  sill 
h  =  steel  fencepost 
i  =  guys 
j  =  re-bar,   0. S  inch 

in  diameter 
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a  =  original  gully 

bottom 
b  =  excavated  area  of 

head~cut  wall 
a  =  spillway 
d  =  crest  of  freeboard 
e  -  excavation  for  key 
f  =  excavation  for 

apron 
g  =  end  sill 
h  =  rock  fill 
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posts  and  strung  at  right  angles  across  the  gully.   A  loose  rock 
fill  is  then  piled  upstream  against  the  fence. 

The  double-fence  rock  check  dams  should  be  used  when  the  dam  height 
is  between  two  and  four  feet  high.   This  dam  has  two  wire-mesh 
fences,  strung  at  a  distance  (1.5-2  feet)  from  each  other  across 
the  channel.  A  well  graded  supply  of  rock  fill  is  essential  for  a 
porous  double  fence  check  dam,  to  prevent  water  jets  from  forming 
in  the  dam.   Two  alternatives  to  using  the  porous  double-fence 
check  dam  are  the  non-porous  (line  the  back  side  of  the  dam  with 
filter  fabric)  check  dam  or  using  rock-filled  gabions.  When  dams 
are  greater  than  four  feet,  gabions  would  be  the  most  cost 
effective.   The  design  standards  discussed  in  the  succeeding 
paragraphs  pertain  to  all  types  of  check  dams  previously  discussed. 

Before  check  dam  construction  begins,  the  entire  channel  length 
should  be  cleared  of  any  boulders  or  other  debris  which  could 
obstruct  flow  and  threaten  to  initiate  lateral  channel  migration. 

Check  dams  should  be  laid  out  so  the  line  of  discharge  from  the 
spillway  is  parallel  to  the  centerline  of  the  gully  immediately 
below  the  structure.   In  addition,  it  is  essential  that  the  check 
dam  be  located  in  a  straight  channel  reach  and  situated  so  the 
upstream  direction  of  flow  is  perpendicular  to  the  dam.   Before 
check  dam  construction  begins,  the  gully  walls  should  be  reduced  to 
the  angle  of  repose  for  a  distance  (at  least  twice  the  dam  height) 
up  and  down  stream  from  the  dam. 

The  first  step  in  check  dam  construction  is  excavating  a  key  into 
the  channel  banks  and  bottom.   On  check  dams  less  than  five  feet 
wide,  the  key  should  extend  two  feet  into  the  gully  banks  and  one 
foot  into  the  gully  bottom.  On  dams  greater  than  five  feet  wide 
the  channel  bank  keys  should  be  increased  to  2.5  feet.   Excavating 
a  key  is  not  necessary  when  bedrock  is  encountered. 

Once  the  keys  are  completed,  the  fence  posts  or  gabions  (depending 
on  the  type  of  check  dam)  are  placed.   Fence  posts  used  in  either 
single  or  double-fence  dams  should  never  be  spaced  further  than 
three  feet  apart. 

The  wire  mesh  (woven  wire)  used  in  fence  check  dams  should  resist 
corrosion,  be  strong  enough  to  withstand  pressures  exerted  by  rocks 
and  water  flows,  and  have  openings  no  larger  than  the  average  rock 
size  in  the  dam.  All  check  dam  rock  filler  shall  meet  the 
specifications  set  forth  in  the  BLM  Engineering  Guide  Specs, 
Section  02272  pages  4-5. 

The  size  and  shape  of  the  check  dam  spillway  is  crucial  because  it 
determines  the  rehabilitated  channel  dimensions  and  the  depth  and 
extent  of  the  sediment  deposit  behind  the  check  dam.   In  order  to 
reclaim  the  gully  to  natural  (pre-gully)  conditions,  the  spillways 
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would  be  designed  to  safely  handle  the  bankfull  discharge  of  the 
natural  channel.   Previous  studies  have  shown  this  flow  rate  to  be 
equivalent  to  the  flood  with  a  2-5  year  recurrence  interval.  An 
indirect  flow  measurement,  calculated  on  an  ungullied  reach  of  site 
1,  showed  the  bankfull  discharge  to  be  approximately  20  cubic  feet 
per  second  (see  Appendix  1).  Several  different  spillway  dimensions 
would  handle  20  cfs,  however,  to  maximize  dam  height  and  sediment 
depositon,  the  spillway  should  be  as  flat  (to  a  one  foot  minimum) 
and  broad  as  possible «  The  maximum  allowable  width  of  some 
spillways  may  be  limited  by  existing  channel  conditions. 

Aprons  (see  Figure  4A  and  4B)  would  be  constructed  of  rock  (see  BLM 
Engineering  Guide  Specs.  -  Section  02274  pages  1-4),  in  the  channel 
directly  downstream  from  each  check  dam.  The  aprons  would  extend 
at  least  1.5-2  times  the  spillway  height  downstream.  At  the 
downstream  end  of  the  apron,  a  rock  sill  (see  Figure  4A  and  4B) 
would  be  built  no  more  than  five  inches  high  as  measured  from  the 
channel  bottom  to  the  top  of  the  sillo 

The  gully  banks  directly  downstream  from  each  dam  would  be 
riprapped  with  rock  and  reinforced  with  wire  mesh.  Generally  this 
bank  protection  would  be  equivalent  to  the  upper  edges  of  the 
freeboard  of  the  dam  but  this  height  can  decrease  with  increasing 
distance  for  the  dam.  This  bank  protection  need  not  extend  any 
further  downstream  than  the  apron. 

To  check  the  advance  of  active  knickpoints  or  headcuts,  the  rim  of 
either  must  be  below  the  expected  sediment  grade  from  the  check  dam 
immediately  downstream  (see  Figure  5B).   If  this  is  not  possible, 
the  knickpoint  or  headcut  would  be  cut  back  to  a  2:1  slope  and 
rocked  as  shown  in  Figure  5A. 

The  spillover  capacity  (the  flood  event  which  the  project  would  be 
designed  to  withstand)  is  approximately  100  cubic-feet  per  second 
and  is  discussed  in  more  detail  under  the  Hydrologic  Risk  Analysis 
Section,  page  17. 

The  sediment  deposits  located  at  the  mouth  of  each  gully,  on  site 
1,  would  be  excavated  to  reconstruct  a  channel  with  dimensions 
sufficient  to  handle  the  bankful  discharge  without  experiencing 
erosion. 

A  standard  Type  D  design  4-strand  barbed  wire  livestock  exclosure 
measuring  275  feet  by  250  feet  (approximately  1.5  acres)  would  be 
constructed  around  the  seep  area  at  the  head  of  site  1.  This  would 
protect  this  fragile  site  from  livestock  trampling  and  subsequent 
erosion. 

Water  for  livestock  use  would  be  piped  from  the  stock  pond  to  a 
trough  placed  out  of  the  riparian  zone  using  wildlife  funding.  The 
water  trough  would  have  1  or  2  escape  ramps  for  animals  that  might 
fall  into  the  trough. 


( 
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2.   Feasibility  and  Risk  Analysis  For  Site  1 

a.  Feasibility 

The  proposed  project  would  be  economically  feasible  since  it 
would  reduce  loss  of  productive  soil  and  degradation  of  water 
quality  on  public  lands.   The  restoration  of  historically 
valuable  riparian  habitat  is  also  of  primary  importance.  The 
additional  benefits  to  livestock,,  wildlife,  and  recreational 
use  (small  game  hunting)  add  to  the  economic  viability  of  this 
project.  No  physical  site  factors  preclude  the  implementation 
of  this  project  or  the  attainment  of  the  project  objectives. 

The  construction  of  this  project  would  not  cause  conflicts 
with  other  land  uses.   Similar  projects  have  been  constructed 
for  controlling  erosion  and  sedimentation  with  added  benefits 
being  the  restoration  of  riparian  habitat. 

b.  Hydrologic  Risk  Analysis 

The  purpose  of  the  hydrologic  risk  analysis  is  to  weigh  the 
initial  project  construction  cost  against  the  cost  of  project 
failure  (environmental  consequences,  rebuilding  costs,  etc.) 
from  flood  events,  and  try  to  minimize  both.  On  project  site 
1  this  is  accomplished  by  using  the  estimated  project  life  and 
an  acceptable  probability  level  of  project  failure,  to 
determine  the  design  flood  event. 

Over  time,  check  dams  settle  and  impound  sediment,  making  them 
and  the  stream  channel  more  stable.  Consequently,  check  dams 
are  most  prone  to  fail  from  flood  events  during  the  first  few 
seasons  after  construction.  The  sediment  yield  on  project 
site  1  is  high,  due  to  active  gully  erosion,  and  should 
produce  a  stable  check  dam  system  within  five  years  after 
construction. 

Both  on-site  and  off-site  impacts  would  result  from  project 
failure.  Downstream  impacts  would  primarily  amount  to  an 
accelerated  sediment  yield.  On-site  impacts  would  be  the  loss 
of  project  construction  dollars,  continued  gully  erosion,  and 
the  loss  of  riparian  habitat.  Taking  these  impacts  into 
consideration,  it  was  decided  that  a  20  percent  risk  of 
project  failure  (80  percent  probability  of  no  failure)  over 
the  five  year  project  life,  was  acceptable.   To  determine  the 
project  design  flood  event,  the  following  equation  was  used: 

T  =■      1  T=Retum  Period  in  Years 


1  -  N/ — r~  P=Probability  of  no  failure  (80%) 

^^  N=Project  Life  (5  years) 


1-5/  (3. 80 
T  =•  23  ^5:;  25  year  flood  event 
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Assuming  that  the  25  year  flood  event  approximates  the  peak 
flow  from  the  25  year  storm  (see  Table  1  in  Appendix  II),  the 
project  design  flood  event  would  equal  100  cubic  feet  per 
second  (cfs). 

Therefore,  project  1  should  be  designed  with  a  safe  flood 
capacity  (this  should  not  be  confused  with  the  spillway 
capacity)  of  100  cfs.   This  can,  in  part,  be  accomplished  by 
designing  each  structure  and  the  surrounding  area  to  dissapate 
the  flood  flow  energy  as  much  as  possible,  avoiding  the 
formation  of  secondary  or  multiple  channels «   Concentration  of 
primary  flow  energy,  however,  should  stay  in  the  main  channel. 


3.    Site  2 


As  already  stated,  site  2  would  initially  be  monitored. 
However,  if  structures  are  needed  at  a  later  date,  they  would 
be  similar  to  the  check  dams  and  headcut  treatments  being 
proposed  for  site  1,  but  not  as  extensive.  A  watershed 
analysis  would  be  completed  if  structures  are  proposed. 


4.    Site  3 


The  proposal  on  site  3  includes  a  series  of  check  dams 
(approximately  35-40)  similar  to  those  proposed  for  site  1. 
However,  since  site  3  has  a  larger  drainage  area  and  bankfull 
stream  channel,  the  check  dams  would  be  larger.   To  accelerate 
the  raising  of  the  alluvial  water  table,  in  trying  to  achieve 
the  riparian  habitat  improvement  objective,  check  dams  would 
be  spaced  closer  than  those  on  site  1  for  any  given  gully 
gradient. 

A  1.2  mile  stretch  of  an  infrequently  used,  non-essential  BLM 
spur  road  off  Six  Mile  Lane  would  be  closed  and  water  barred. 
The  road  would  be  ripped  and  seeded  with  a  standard  mix  of 
adapted  grass  species  if  deemed  necessary.   This  would  be 
accomplished  immediately  following  the  construction  of  the 
ckeck  dams. 

Short  stretches  of  Six  Mile  Lane  County  Road  may  need  to  be 

relocated  or  water  barred  to  accomplish  project  objectives 

(This  work  will  be  coordinated  with  the  Gunnison  County  Road 
Department) . 

If  monitoring  indicates  that  livestock  are  detrimentally 
impacting  the  attainment  of  project  objectives,  a  livestock 
exclosure  may  be  constructed  to  more  accurately  assess  this 
impact . 
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5.    Site  4 


The  primary  purpose  of  the  grassed  waterway,  proposed  for  site 
4,  would  be  to  increase  irrigation  to  the  alluvium,  and  to 
enhance  and  extend  the  present  boundary  of  the  riparian  zone. 
The  waterway  would  also  promote  gully  stabilization  on  this 
site. 

The  waterway  (see  Figure  3)  should  be  constructed  shortly 
after  the  start  of  the  growing  season  to  establish  vegetation 
as  soon  as  possible.   Seeding  the  waterway,  with  quick 
establishing  plant  species,  after  construction,  is  a  must. 

The  project  would  involve  the  construction  of  a  new 
watercourse  with  a  reduced  slope  gradient  and  hydraulically 
inefficent  cross-sections  (shallow  and  broad).   Both 
approaches  change  the  flow  regimen  and  decrease  the  erosive 
energies  of  water  flow.   The  flat  cross-sections  favor  the 
establishment  of  vegetation  which  is  essential  for  the  project 
to  be  successful.   By  using  gentle  meanders  in  the  waterway, 
the  channel  length  can  be  incresed  and  the  channel  gradient 
decreased  over  that  of  the  original  gully. 

Short  segments  of  Six  Mile  Lane  County  Road  may  need  to  be 
relocated  or  water  barred  to  accomplish  project  objectives. 
(This  will  be  coordinated  with  the  Gunnison  County  Road 
Department) . 


III.   Environmental  Assessment  (CO-037-EA5-002) 

A.    Chapter  1  -  Purpose  and  Need 

The  primary  purpose  of  the  first  phase  of  the  Long  Gulch  project  is 
to  reduce  channel  entrenchment  and  headcutting  and  rehabilitate  an 
actively  eroding  tributary  (Site  1)  of  this  watershed.   In  addition, 
downstream  sediment  yields  will  be  reduced  and  portions  of  the  riparian 
zone  restored.   Ancillary  goals  are  to  .decrease  downstream  peak  flows, 
increase  vegetative  watershed  cover  and  forage  for  livestock  and 
wildlife,  improve  habitat  for  wildlife  and  provide  seasonal  water  for 
livestock  and  wildlife. 

Gullying  of  drainage  systems  and  the  resultant  loss  of  important 
riparian  habitat  and  increased  sedimentation  are  a  widespread  problem  on 
public  land  throughout  the  West.   The  Bureau  of  Land  Management  (BLM)  is 
directed  by  Federal  statutes  and  executive  orders  (see  Section  I.D., 
Activity  Plan)  to  maintain  or  improve  watershed  condition  and  soil 
productivity  on  those  lands  it  administers.   The  BLM  is  also  required  to 
comply  with  state  and  local  water  quality  regulations. 
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Bo    Chapter  2  -  Description  of  the  Alternatives  Including  the  Proposed 
Action 

r 

1.   Alternative  1  -  Check  Dams  and  Headcut  Treatment  Proposed  Action     *^ 

See  Section  II.C.l.  -  Problem  Identification  and  Proposed 
Treatments,  Site  1,  and  II. C. 2.  -  Description  and  Design  Standards  for 
Proposed  Treatments,  Site  1. 

2o  Alternative  2  -  Headcut  Treatment 

r 

This  alternative  proposes  only  the  treatment  of  the  knickpoints  and 
headcuts  (see  Figure  5A)  on  Site  1.   Headcuts  and  knickpoints  would  be 
riprapped  with  rock  and  filter  fabric. 

The  primary  objective  of  this  alternative  would  be  gully 
stabilization.   Gully  rehabilitation  would  not  be  realized  under  this 
alternative.   The  structures  would  be  periodically  monitored  and 
maintenance  would  be  performed  as  needed « 

3.  Alternative  3  -  No  Action  Alternative 

This  alternative  would  mean  that  no  sediment  control  structures 
would  be  built  or  other  sediment  control  techniques  used  to  stabilize 
site  lo   The  knickpoints  would  continue  to  advance  upstream  resulting  in 
further  loss  of  sediment,  lowering  of  the  alluvial  water  table  and  loss 
of  riparian  habitat, 

C.    Chapter  3  -  Affected  Environment  \ 

1.  Climate 

See  Section  II. A. 2. 

2.  Topography  and  Geology 
See  Section  II. A. 3. 

3.  Soils 

See  Section  II. A. 4. 

4.  Water  Resources 
See  Section  II. A. 5. 

5.  Vegetation 

See  Section  II. A. 6. 

6.  Wildlife 

See  Section  II. A. 7. 

7.  Recreation,  Visual  Resources 
See  Section  II. A. 8. 

8.  Cultural  Resources 
See  Section  II. A. 9. 
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D.    Chapter  4  -  Envlroameatal  Consequences 
1.   Proposed  Action 

a.  Climate,  Air  Quality,  Geology,  Topography,  Minerals, 
Cultural  Features,  Paleontology,  Socioeconomics,  Land  Use, 
Wilderness,  Prime  and  Unique  Farmlands,  Areas  of  Critical 
Environmental  Concern,  Wild  and  Scenic  Rivers,  or  Floodplains 
and  Wetlands .  None  of  the  above  elements  would  be  affected. 

r' 

b.  Soil 

Soil  disturbance  due  to  construction  would  result  in  a 
short-term  increase  in  erosion  rates.   However,  long-term 
erosion  would  be  decreased  due  to  Increased  watershed  cover. 

c.  Water 

Sediment  yield  would  be  decreased  and  thus  water  quality 
improved  for  both  the  short  term  and  long  term.   Sediment 
would  be  trapped  behind  the  porous  check  dams  as  the  stream 
flows  through  and  over  them.  Approximately  1,500  tons  of 
sediment  would  be  deposited  during  the  5  year  storage  life  of 
the  project.  After  this  period  additional  decreases  in 
sediment  yield  would  occur  due  to  the  healing  of  headcuts  and 
knickpoints  and  stabilization  of  streambanks. 

Downstream  flood  control  would  also  occur  due  to  the  reduction 
in  peak  runoff  rates  in  the  drainageway.   The  alluvial  ground 
water  table  would  be  raised  and  the  Intermittent  flow  regime 
would  be  attenuated. 

Construction  of  a  1.5  acre  livestock  exclosure  around  a 
fragile  seep  would  make  that  area  unavailable  for  livestock 
forage.  However,  this  is  mitigated  by  overall  inceases  in 
forage  anticipated  on  the  remainder  of  the  project  area  and 
piping  water  for  livestock  to  a  trough  placed  outside  the 
riparian  zone. 

d.  Vegetation 

Vegetation  along  a  two  to  ten  foot  strip  on  either  side  of  the 
gully  would  be  disturbed  by  check  dam  construction  and  laying 
back  of  the  gully  banks  to  a  1:1  slope  on  either  side  of  the 
check  dams.  Long-term  vegetation  production  would  be 
increased  due  to  raising  of  the  water  table  and  gully 
stabilization. 

e.  Wildlife 

Short-term  disturbance  from  construction  activity  would 
occur.   In  the  long  term,  restoration  of  the  riparian  zone 
along  portions  of  the  drainageway  would  Increase  brood  rearing 
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habitat  for  sage  grouse.   Deer  and  elk  benefits  would  be 
modest  since  they  do  not  make  heavy  use  of  the  drainageway. 
Numerous  non-game  birds  and  mammals  would  greatly  benefit  from 
the  increase  in  riparian  habitat,  especially  if  tree  plantings 
are  implemented  to  increase  the  habitat  diversity c 

f ,  Recreation,  Visual  Resources 

Improved  habitat  for  sage  grouse  and  other  small  game  would 
provide  an  increased  opportunity  for  hunting  and  related 
activities o   Construction  of  the- check  dams  would  temporarily 
result  in  a  visual  intrusion  on  the  drainageway.   However,  it 
would  only  be  visible  from  the  mouth  of  this  tributary  to  Long 
Gulch  or  from  the  power  line  road  where  it  crosses  the 
tributary.   The  visual  impact  would  be  lessened  as  vegetation 
is  reestablished  on  the  disturbed  areas. 

g.  Unavoidable  Adverse  Environmental  Impacts 

Short-term  increases  in  erosion  rate  would  occur  as  well  as 
short  term  vegetation  disturbance.  Wildlife  would  also  be 
disturbed  during  construction  activities.   In  addition  the 
visual  character  of  the  area  would  be  changed. 

h.   Relationship  Between  Short-Term  Use  and  Long-Range 
Productivity 

The  Long  Gulch  watershed  is  currently  used  for  spring,  summer, 
and  fall  cattle  grazing,  wildlife  and  recreational  usage. 
This  project  would  enhance  cattle  and  wildlife  usage  by 
increasing  forage,  riparian  habitat,  and  water  availability. 

i.   Irreversible  or  Irretrievable  Commitment  of  Resources 

There  would  be  no  irreversible  or  irretrievable  commitment  of 
resources. 

j .   Cumulative  Impacts 

There  would  be  no  cumulative  impacts. 

k.   Critical  Elements 

As  indicated  in  the  previous  impact  discussion,  the  proposed 
action  does  not  impact  any  critical  elements.  The  proposed 
projects  are  in  conformance  with  the  Gunnison  Basin  Management 
Framework  Plan,  1979. 

2.   Alternative  2 

a.   Climate,  Air  Quality,  Geology,  Topography,  Minerals, 
Cultural  Features,  Paleontology,  Socioeconomics,  Land  Use, 


22 


Wilderness,  Prime  and  Unique  Farmlands,  Areas  of  Critical 
Environmental  Concern,  Wild  and  Scenic  Rivers,  Floodplains  and 
Wetlands,  Recreation  or  Visual  Resources.   None  of  the  above 
elements  would  be  affected. 

b.  Soil 

Soil  disturbance  due  to  construction  would  result  in  a 
short-term  increase  in  erosion  rates  in  the  immediate  area  of 
the  knickpoints  and  headcuts.   However,  long-term  erosion 
would  be  slightly  decreased  due  po   stabilizing  the  knickpoints 
and  headcuts.   The  decrease  in  long-term  erosion  would  be  much 
less  than  for  alternative  1. 

c.  Water 

Construction  would  cause  short-term  sediment  yield  increases. 
Long-term  sediment  yield  would  be  decreased  and  water  quality 
improved  to  a  lesser  extent  than  for  the  preferred 
alternative.   Treatment  of  the  headcuts  would  help  stabilize 
them,  but  bank  sloughing  and  bed  scouring  would  still 
contribute  to  sedimentation.   Downstream  flood  damage  would 
still  occur.   The  alluvial  ground  water  table  would  not  be 
raised,  nor  would  the  intermittent  flow  regime  be  attenuated. 

d.  Vegetation 

Short-term  vegetation  disturbance  would  occur  due  to 
construction.  Long-term  vegetation  production  would  not  be 
altered. 

e.  Wildlife 

Short-term  disturbance  would  ocur  due  to  construction 
activity.   No  long-term  changes  would  occur. 

f .  Unavoidable  Adverse  Environmental  Impacts 

Short-term  adverse  impacts  to  sediment  yield,  erosion  rate, 
vegetation,  and  wildlife  would  occur  due  to  construction 
activities. 

g.  Relationship  Between  Short-Term  Use  and  Long-Range 
Productivity 

The  current  area  usage  is  spring,  summer  and  fall  cattle 
grazing,  wildlife  and  recreation  use.   This  alternative  would 
not  affect  these  uses. 
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h.   Irreversible  or  Irretrievable  Commitment  of  Resources 

There  would  be  no  irreversible  or  irretrievable  commitment  of 
resources. 


r 


i.   Cumulative  Impacts 

There  would  be  no  cumulative  impacts. 


F. 


j<=   Critical  Elements 

As  indicated  in  the  previous  impact  discussion,  this 
alternative  does  not  impact  any  critical  elements.   This 
alternative  is  in  conformance  with  the  Gunnison  Basin 
Management  Framework  Plan,  1979. 

3.   No  Action  Alternative 

No  short-term  impacts  from  construction  would  occur.   High 
intensity  storms  and  snow  melt  runoff  would  result  in  continued 
upstream  migration  of  knickpoints  and  headcuts.   Accelerated  soil 
erosion  J  high  sediment  yields,  loss  of  riparian  habitat,  and  flood 
damage  downstream  would  continue.   Forage  for  livestock  and 
wildlife  habitat  would  be  lost  in  proportion  to  the  soil  loss 
resulting  from  upstream  migration  of  knickpoints  and  handcuts.   The 
visual  quality  of  the  channel  zone  would  continue  to  be  degraded. 


Chapter  5  -  Consultation  and  Coordination 
See  Watershed  Activity  Plan,  Section  V. 
Chapter  6  -  List  of  Preparers 
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G.  Cost  Analysis 

1.  Assumptions 

a.  X  annual  accelerated  sediment  yield  which  would  be  retained  on 
site  =  300  tons  per  year  for  five  years. 

b.  Benefit  of  on-site  erosion  or  sediment  yield  reduction  -  $6  per 
ton, 

r' 

c.  Increase  in  X"  annual  vegetation  production  would  be  1,500 
pounds  per  acre  per  year,  or  2  AUMs  per  acre  per  year  for  20  years. 

d.  Benefit  of  an  AUM  is  $8. 

e.  Depreciation  Rate/Opportunity  Cost/Interest  Rate  =  8.375. 

2.  Computations 

Cost  of  Project  =  $15,000 

Sediment  Storage  Capacity  of  Project  =  1,500  tons  retained  over 
five  years. 

Total  benefits  of  sediment  retention  or  on-site  erosion  reduction 
ammortized  over  five  years  =  $7,116. 

Increase  in  livestock  AUMs  =  200  AUMs  over  20  years. 

Total  benefits  of  increased  livestock  AUMs  ammortized  over  20  years 
=  $764. 

Total  benefits  of  project  =  $7,880 

Ratio  of  benefits  to  costs  =  0.525. 

The  above  ratio  of  benefits  to  costs  does  not  include  the  numerous 
intangible  benefits  of  this  project.   Restoration  of  historic 
riparian  zones  has  a  high  intrinsic  value  since  this  important 
vegetation  type  is  critical  for  many  wildlife  species,  and 
increased  plant  diversity,  and  visual  landscape  diversity.   The 
attenuation  of  water  flow  will  also  help  disperse  livestock  use. 
The  visual  quality  of  the  drainageway  would  also  be  improved. 

IV.   Monitoring  and  Maintenance 

A.    Monitoring 

Monitoring  is  a  vital  part  of  this  watershed  project  in  order  to 
determine  if  the  project  objectives  are  being  met.  Monitoring  the  early 
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phases  of  this  project  would  also  help  determine  the  techniques  and 
methods  to  be  used  in  implementing  the  latter  phases  of  the  project.  At 
a  minimum,  monitoring  would  include: 

1.   Periodic  measurement  of  cross  sectional  profiles  at  permanent 
sites  strategically  located  along  the  channel. 

2«   Permanent  pace  point  transects  to  measure  changes  in  cover  and 
key  livestock  forage  species, 

3.   Utilization  studies  to  ensure  compliance  with  recommended  key 
species  utilization  levels. 

A  more  detailed  monitoring  plan  would  be  developed  after  project 
implementation  and  referenced  in  this  activity  plan. 

B.    Maintenance 

A  routine  maintenance  inspection  would  be  conducted  once  every  year 
and/or  after  the  occurrence  of  any  storm  equal  to  or  greater  than  the  25 
year  event.   If  repairs  are  needed  on  any  portion  of  the  project,  funds 
would  be  requested  through  the  annual  work  plan  process. 

If  livestock  are  detemnined  to  be  causing  damage  to  any  portion  of 
the  project,  requests  may  be  made  to  fence  these  areas,  excluding  them 
from  grazing. 


V,  Consultation  and  Coordination 

1.  Colorado  State  Water  Engineers  Office 

2.  USDA  -  Soil  Conservation  Service 

3.  Colorado  Division  of  Wildlife 

4.  Gunnison  County  Road  Department. 

VI.  Appendices 
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United  States  Department  of  the  Interior 

BUREAU  OF  LAND  MANAGEMENT 
Uncompahgre  Basin  Resource  Area 
2505   South  Townsend  Avenue 
REFERTO:  Montrose,   Colorado      81401 


Z' 


JAN  2  5  1985 


Memorandum 

To:       Dennis  Murphy,  UBRA  Hydrologist 

From:     Lin  Fehlmann,  Water  Rights  Coordinator 

Subject:   Long  Gulch  Sediment  Control  and  Riparian 
Habitat  Improvement  Project 


On  January  25,  1985  I  visited  with  Ralph  Kelling,  Division  Engineer 
for  Water  Division  4,  concerning  the  proposed  erosion  control  project 
on  Long  Gulch.   After  Searching  the  records,  we  found  no  downstream 
water  users  that  would  be  injured  by  the  proposed  erosion  control  struc- 
tures. Mr.  Kelling  felt  that  a  decree  on  these  structures  was  unneces- 
sary, as  the  water  supply  was  of  such  short  duration.   He  recommended 
that  we  go  ahead  with  our  plans  to  protect  the  watercourses. 


,jUu.   ^k^^'^^'^^^ 
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Course  7000.1 

Instructors:  Archer,  Wagner 


INTRODUCTION  TO  AIR  RESOURCE  MANAGEMENT 

Objectives; 

1.  Describe  program  roles  and  responsibilities  in  Air  Resource  Management 

2.  Review  management  and  technical  issues  in  Air  Resource  Management. 

3.  Review  techniques  available  to  obtain  and  Incorporate  climatic  data 
Into  management  decisions. 

A.   Identify  Information  and  data  required  to  perform  necessary  air 
quality-impact  analyses. 

5.   Identify  sources  of  technical  assistance  available  in  a  particular 
area  of  concern. 

TOPIC  OUTLINE: 
fc^^   I,    Legal  Aspects  and  Management  Roles 

A.  Air  as  a  Resource  (climate,  meteorology,  air  quality) 

1.  Management  (Philosophy,  organization) 

2.  Authorities  (FLPMA,  CAA,  NEPA,  etc.) 

B.  Agency  Cooperation 

1.  Federal  Land  Managers 

2.  Regulatory  Agencies  (EPA,  States) 

3.  Others  (NWS,  private  groups,  state  climatologlsts) 

C.  Air  Quality  Regulations  (list  of  acronyms) 

1.  NAAQS  (nonattalnment,  maintenance  plans) 

2.  PSD  (increments,  visibility,  AQRV's) 

Video  Tape  (8  mln.)  -  Dale  Robertson,  FLM  Roles 

II.    Management  Issues 
^  A.   Impact  Assessments 

B.   Land  Use  Plans  (Inventory,  conflict  resolution) 


J 


»; 


C.  Lease  Stipulations 

D.  Multi-Use  Support 

E.  Regulatory  Requirements  (sip,  PSD  permit  review,  standards 
redeslgnatlon) 

F.  Effects  (ADRV's,  visibility,  acid  deposition,  smoke  management) 
Video  Tape  (30  min.)  -  Atmospheric  Deposition 

III.  Technical  Issues 

A.  Monitoring  (meteorology,  air  quality) 

B.  Modeling  (tapas,  nomograph) 

C.  Information  Sources  (BLM/EPA  training,  video  tapes,  journals, 
texts) 

IV.  Case  Studies 

A.  Climate  Related 

1.  Resource  Management  Needs  and  the  lAMS  Program 

2.  Climate  Inputs  to  the  RMP  Process  (modeling,  monitoring) 

B.  Air  Quality  Planning 

1.  Land  Use  Plans  -  Dispersion  Potential  Mapping 

2.  Simple  Screening  vs.  Complex  Modeling 

3.  Chevron  Shale  Oil  Project  (changed  proposed  development) 

C.  Federal  Agency  Coordination 

1.  Uintah  Basin  Synfuel  EIS 

2.  Alton  Coal  Field  -  NPS/OSM/BLM  (VRM  vs.  visibility) 

3.  Revising  National  Visibility  Regulations 

D.  State  Agency  Coordination 

1.  Revising  State  Visibility  Regulations 

2.  Wood smoke  -  Firewood  Sales 

3.  Smoke  Management  -  Wilderness  Fire  Management 

A.   Redeslgnatlon  -  Wilderness  Act  vs.  CAA 

Video  Tape  (15  mln.)  -  Brent  Bradford,  State  Implementation 
Plans 

V.  Summary 
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Bill  is  presently  the  Air  Resource  Specialist  with  the  Utah  State  Office,  BLM, 
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BLM  Air  Resource  Management 

The  CAA  and  the  associated  air  quality  regulations  and  standards  are  the 
primary  tools  for  the  protection  of  air  quality.  However,  the  Clean  Air  Act 
does  not  necessarily  have  within  its  provisions  the  protection  that  we,  as 
FLMs,  may  find  necessary  to  protect  certain  of  the  resources  we  manage  which 
might  be  impacted  by  air  quality.  In  this  case,  we  must  look  to  other 
statutes  in  addition  to  the  Clean  Air  Act  for  the  level  of  air  quality 
protection  that  we  see  as  necessary  for  the  protection  of  other  resources  that 
we  manage.  Acid  deposition,  for  example,  is  not  presently  regulated  by  the 
CAA  and  acid  rain  has  the  potential  for  significantly  impacting  both 
non-biological  and  biological  resources. 

As  FLMs,  we  must  coordinate  closely  and  continually  with  the  air  quality 
regulating  agencies  (EPA  and  the  states)  to  assure  that  they  are  aware  of  our 
concerns  regarding  air  quality  and  potential  impacts  to  our  other  resources. 

The  majority  of  the  lands  managed  by  FLMs  (whether  BLM,  USFS,  MPS,  or  FWS)  are 
generally  distant  from  the  centers  of  heavy  population  and  industrial 
development.  These  lands  are,  therefore,  in  air  quality  attainment  areas  and 
are  subject  to  the  provisions  of  the  PSD  which  are  established  for  the 
protection  of  air  quality  that  is  presently  better  than  the  NAAQS.  Management 
of  air  quality  over  those  lands  must  look  to  the  NAAQS  as  an  upper  limit  of 
air  pollution  and  not  as  a  goal  to  be  achieved. 

THe  PSDRs  have  limitations.  For  example: 

1.  PSD  does  not  provide  relief  from  emissions  from  existing  sources. 

Baseline  air  quality  is  established  by  the  first  application  for  a  PSD 
permit  for  a  "MEF"  (defined  as  emitting  100  T/yr.  or  250  T/y  depending 
upon  the  source  type).  PSD  then  sets  allowable  incremental  increases  in 
air  pollution  above  this  background  or  baseline  level. 

2.  PSD  incremental  limitations  speak  only  to  two  air  pollutants;  SO2  and 
TSP. 

3.  The  PSDRs  set  out  both  Class  I  air  quality  areas  (the  highest  level  of  air 
quality  protection)  and  Class  II  areas.  The  majority  of  lands  managed  by 
the  FLMs  are  within  Class  II  areas  and  that  includes  the  BLM,  USFS,  NPS, 
AND  FWS.  Managers  of  Class  I  areas  are  required  to  be  notified  of 
proposed  developments  of  major  air  polluting  emitting  facilities 
potentially  impacting  Class  I  areas,  but  no  such  requirement  exists  for 
managers  of  Class  II  areas. 

4.  Within  the  Class  II  lands  which  make  up  the  majority  Federally-managed 
lands  are  wilderness  areas,  proposed  wilderness  areas,  wilderness  study 
areas  which  may  be  proposed  and  subsequently  designated  as  wilderness. 
They  also  contain  wild  and  scenic  rivers,  national  recreational  areas, 
research  natural  areas,  areas  of  critical  environmental  concern,  areas  of 
special  interest  or  concern  from  the  standpoint  of  scenic  values, 
recreational  values,  and  critical  biological  habitat  which  may  be 
sensitive  to  air  quality  impacts  from  existing  air  pollution  or  an 
increase  in  the  levels  of  air  pollution. 
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The  concerned  FLM,  who  recognizes  air  as  an  important  resource  and  who  has  an 
aggressive  and  responsive  ARM  program,  has  available  to  him  (or  her)  other 
statutes  which  can  be  used  in  support  of  air  quality  protection  and  protection 
of  other  resources. 

For  example: 

1.  The  FLM  enabling  legislation  such  as: 

BLM's  FLPMA  -  which  mandates  the  protection  of  the   "air  and 
atmosphere"  in  BLM's  multiple  use  and  sustained  yield  management 

responsibil  ities. 

USFS  NFMA  -  which  mandates  the  "protection  and  enhancement  of  air 
quality" 

2.  MEPA 


The  NEPA  requires  an  analysis  of  the  potential  significant  impacts  from 
major  federal  actions.  If  the  major  federal  action  includes  a  major 
emitting  facility,  air  quality  impacts  will  be  a  significant  issue  and 
require  an  analysis.  The  PSD  also  requires  an  analysis  of  MEFs.  There 
are  similarities  and  important  differences  in  these  two  analyses. 

3.  There  are  also  statutes  that  require  protection  of  resources  such  as 
scenic  values,  areas  of  critical  environmental  concern,  T&E  species,  and 
wilderness. 

a.  The  T&E  Species  Act  speaks  to  the  protection,  preservation,  and 
enhancement  of  species  and  species'  habitat  and  the  FLM  should  be 
aware  of  the  implications  that  air  quality  and  air  pollution  impacts 
have  on  these  resources. 

b.  The  Wilderness  Act  speaks  to  the  preservation  of  wilderness  values 
and  provides  goals  and  objectives  for  maintaining  those  values. 

Wilderness  areas  occur  in  both  Class  I  and  Class  II  areas.  In  the 
case  of  wilderness,  the  PSD  provision  for  the  assessment  of  BACT  is 
common  to  both  Class  I  and  Class  II  PSD  areas.  BACT  provides  the  FLM 
the  opportunity  to  meet  the  wilderness  goals  and  objectives  of 
wilderness  areas  of  protection  from  man-caused  changes  by  minimizing 
man-caused  effects  from  air  pollution  emissions. 

In  summary: 

The  CAA  and  related  reguations,  standards,  and  implementation  plans  are 
the  primary  tools  in  the  protection  of  air  quality. 

The  CAA  does  have  limitations  for  the  FLM  charged  with  the  responsibility 
of  managing  multiple  resources. 

Other  statues  provide  additional  means  of  protecting  air  quality  and 
impacts  to  other  managed  resources  from  air  pollution. 
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JP  7300  -  Air  Resources 

.01   Purpose.     This  section  sets  forth  the  general   policy,  objectives, 
management  structure,   and  management  responsibilities  of  the  Air  Resource 
Management  Program.     This  section  also  provides  a  background  discussion  of  the 
nature  of  the  air  resource,  description  of  the  air  resource  program,  and  the 
foundation  for  air  resource  management. 

.02  Objectives. 

A.  Provide  infonnation  and  technical   assistance  on  air  quality, 
meteorology,  climate,   and  other  air  resource  infonnation  to  support  and  guide 
Bureau  management  actions  including^environmental   analyses,  rights-of-way, 
withdrawal   and  lease  actions,  |iliiiiiiiii-j,   smoke  management,  and  other  land 
management  activities. 

B.  Monitor,   inventory,  model,   predict  and  evaluate  air  quality  and 
climate  conditions  and  trends  that  affect,   result  from,  or  otherwise  influence 
land  management  activities  or  planning. 

C.  Achieve  and  maintain  air  quality  standards  in  cooperation  with  other 
Federal    land  management  agencies  and  Federal,   State,  and  local   agencies 
responsible   for  maintaining  air  quality. 

1^    .03     Authority.     Air  resource  management  responsibilities  are  authorized  under 

various  laws  and  executive  orders,   including  Federal    Land  Policy  and 
Management  Act,   Clean  Air  Act  as  amended,  and  the  National    Environmental 
Policy  Act.     (See  BLM  Manual    Section  7000.) 
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.04  Responsibil ity.  f 

A.  The  Director  and  Associate  Director  are  responsible  for: 

1.  Establishing  Bureauwide  objectives,  formulating  and  analyzing 
national  level  policies,  and  setting  national  priorities  for  the  conduct  of 
the  air  resources  program; 

2.  Preparing,  evaluating,  and  revising  Bureau  Manuals,  Handbooks, 
and  Technical  References  to  maintain  a  current  system  of  policy  documentation 
and  program  guidance; 

3.  Providing  liaison  at  the  national  level  with  other  Federal  ^^ 
agencies  and  organizations  .  .  . 

4.  Ensuring  internal  coordination  between  the  Air  Resources  Program 
and  other  Bureau  Programs. 

B.  The  Service  Center  Director  is  responsible  for  providing  technical 
support  to  the  Headquarters  Office  and  Field  Offices  by: 

1.  Responding  to  Field  Office  requests  for  technical  assistance 
and/or  training; 

2.  Developing,  testing,  evaluating,  and  making  recommendations  to        ^ 

the  Headquarters  Office  on  the  applicability  of  new  technologies  for  the 
collection,  storage  and  retrieval,  analysis  and  interpretation,  and 

application  of  air  resource  data; 
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3.  Provide  assistance  and  conduct  air  modeling  to  support  resource 

management  and  planning  analysis.    In  addition,   evaluate  and  adapt  air  resource 
modeling  technologies  to  support  Bureau  programs; 

4.  Preparing  air  resource  handbooks,   technical    notes  and  references, 
and  other  field-oriented  guidance  at  the  direction  of  the  Headquarters  Office; 

5.  Providing  liaison  with  research  agencies,   educational 
institutions,   and  professional    organizations  to  maintain  a  "state-of-the-art" 
level   of  knowledge  in  air  resources. 

C.       BIFC  Director,      (reserved) 

% 

D.-      State  Directors  are  responsible  for  achieving  the  Bureau's  air 
resource  program  objectives   (.02)  within  their  respective  States  by: 

1.  Interpreting  Bureauwide  air  resource  policies,   setting  State  air 
resource  program  priorities,   and  preparing  supplemental    program  directives  for 
Statewide  application; 

2.  Providing  liaison  with  other  Federal    agencies.   State  agencies, 
user  groups,   and  adjoining  BLM  State  Offices  to  ensure  a  coordinated  air 
resources  program; 

f^  3.      Evaluating  Statewide  air  resource  program  effectiveness   through 

periodic  review  of  support  activities  and  interagency  coordination; 
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4.  Provide  training  in  order  to  maintain  the  necessary  level    of  v 
technical    expertise  required  to  meet  management  responsibilities; 

5.  Provide  technical    equipment  and  facilities  necessary  to 
accomplish  State  air  resource  program  objectives. 

D.       District  Managers  are  responsible  for  achieving  Bureau  and  State  air 
resource  program  objectives  within   their  respective  District  boundaries  by: 

1.  Interpreting  Bureau  and  State  air  resource  policies,   setting 
District  air  resource  program  priorities,   and  preparing  supplemental    program 
directives  and  guidelines  for  District-wide  application; 

/' 

2.  Cooperating  with  other  Federal,   State,  and  local   agencies,  user 
groups,   and  other  BLM  Offices  as  may  be  appropriate  to  ensure  a  coordinated 
air  resources  program; 

3.  Evaluating  District-wide  air  resource  program  effectiveness  by 
periodically  reviewing  and  evaluating  District  work  accomplishments,   including 
technical    adequacy  and  compliance  with  Bureau,  State,   and  District  policies; 

4.  Maintaining  sufficient  technical    expertise  within  the  District 
organization   to  ensure  that  air  resource  issues  are  identified  and  addressed; 

5.  Conduct  air  and  climate  monitoring  as  may  be  necessary  to 
accomplish  State  air  resource  program  objectives. 
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•E.       Resource  Area  Managers  are  responsible  for  achieving  Bureau,   State, 
and  District  water  resource  program  objectives  within  their  respective 
Resource  Area  boundaries  by: 


1.  Identifying  and  addressing  air  resource  issues  and  air  resource 
needs ; 

2.  Conducting  air  and  climate  monitoring  as  may  be  necessary  to 
accomplish  State  air  resource  program  objectives. 

.05  Definitions 

^  Air  Resource  -  The  air  and  atmospheric  component  of  the  ecosystem  whose 

quality   (air  quality)  and  characteristics   (meteorology  and  climate)   the  BLM 
influences  by  its  management  activities  or  utilizes  in  the  development  of 
analyses  leading  to  management  decisions  on  public  lands.     As  a  management 
activity,   the  air  resource  includes  the  consideration  climate,  meteorology  and 
air  quality. 

Ai r  Qual  i ty  -  The  quality  of  the  atmosphere  as  determined  by  the 
concentration  of  air  pollutants,   visibility,   odors,   sound,   and  other  energy 
forms  transmitted  through  the  atmosphere. 

Air  Quality  Related  Values   (AQRV)   -  Those  attributes  of  a  Class   I  air  - 

1^    quality  area  important  to  the  functioning  of  the  area   for  the  purposes  for 

which  it  was  established  and  preserved  and  which  can  be  affected  by  air 
quality.     AQRYs  include  but  are  not  limited  to  visibility,   flora,   fauna, 

ecologic,   historic,   and  cultural   characteristics. 
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C1 1  mate  -  The  composite  or  generalization  of  weather  conditions  of  a  ^ 

region,   such  as  temperature,   pressure,  humidity,   precipitation,   sunshine, 
cloudiness,   and  winds  throughout  the  year,   averaged  over  a  series  of  years. 

Meteorology  -  The  science  dealing  with  atmospheric  phenomena  and  their 
variations  such  as  stability,  wind  speed,  wind  direction,   temperature  etc. 
Use  of  the  term  in  this  document  relates  most  generally  to  dispersion 
characteristics  of  the  atmosphere  related  to  the  movement  of  air  pollutants. 

Prevention  of  Significant  Deterioration   (PSD)   -  An  air  quality  management 
and  permit  process,   specified  in  Part  C  of  the  Clean  Air  Act  of  1977,   designed 
to  ensure  that  air  quality  in  designated  "clean  air"  areas  does  not 
significantly  deteriorate  beyond  allowable  increments  of  air  quality  or  impact  ^ 

adversely  on  air  quality  related  values,  while  maintaining  a  margin  for  future 
industrial    growth. 

State   Implementation  Plan  -  A  document,  developed  by  the  State  government, 
approved  by  EPA,  which  provides  for  the  implementation,  maintenance,  and 
enforcement  of  air  quality  laws,   standards,   regulations,   programs,   and  air 
pollution  control    strategies. 

.06  Policy 

A.   The  Bureau  of  Land  Management  shall  manage  the  public  lands  in  a 
manner  that  will  protect  the  quality  of  the  air  resource  consistent  with  the 
multiple  use  concept  by  ensuring  compliance  with  the  regulations,  standards. 
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and  applicable  requirements  of  the  Clean  Air  Act,   as  amended;   the  Federal    Land 
Policy  and  Management  Act  of  1976;  applicable  State  regulations  and 
implementation  plans;  and  other  applicable  laws,   regulations,   and  directives. 


B.  The  Bureau  of  Land  Management  recognizes  air  as  a  resource  deserving 
of  full   consideration  with  all   other  resources  and  uses  on  public  lands.     The 
air  resource  must  be  considered  and  incorporated  into  multiple-use  management 
programs  in  accordance  with  the  definition  of  multiple  use  as   set  forth  in   the 
Federal    Land  Policy  and  Management  Act  of  1976.     Air  quality  and  atmospheric 
values  must  be  considered  on  an  area-by-area  basis  through  application  of 
multiple-use  concept,   taking  full   account  of  the  value  and  importance  of  the 
various  resources  present. 

% 

C.  The  significance  of  the  air  resource  and  atmospheric  values  relative 
to  the  other  resources  and  uses  of  the  area  must  be  determined  on  a  periodic 
basis  or  as  may  be  necessary  to  evaluate  new  or  changing  uses  of  the  public 
lands. 

D.  The  Bureau  must  consult  and  coordinate  with  the  State  on  the 
management  of  existing  and  future  consumption  of  allowable  increments  of  air 
quality  degradation  so  as  to  provide  for  the  protection  of  air  quality  and 
ensure  the  multiple  use  of  other  resources  on  the  public  lands. 

E.  The  air  resources  program  must  provide  information  on  air  quality, 
^    atmospheric  values,  climate,   and  other  air  resources  information  n.eeded  to 

incorporate  consideration  of  air  resources  into  Bureau  planning,   environmental 
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analysis,   n'ghts-of-way  actions,   exchanges,  withdrawal,   lease  actions, 
hazardous  materials  management,   smoke  management,  and  other  land-use  and 
resource  management  activities  and  decisions. 

F.       The  Bureau  must  maintain  a  professional    staff  and  technical   expertise 
as  necessary  throughout  the  Bureau  to  carry  out  the  air  resource  management 
responsibilities  related  to  planning,  monitoring,   evaluation,  coordination, 
modeling,   impact  analysis,   smoke  management,    training,   promoting  the 
understanding  of  air  quality  issues,   and  other  matters  necessary  to  implement 
the  air  resource  policy  of  the  Bureau. 


G.       The  Bureau  must  cooperate  with  the  other  Federal    land  management 
agencies  and  with  Federal,   State,   and  local   control    agencies  to  assist  in  ^ 

maintaining  air  quality  standards,   and  to  review  proposed  rules  affecting  air 
quality  standards,  and  to  review  proposed  rules  affecting  air  quality  and 
revisions  to  State  implementation  plans  and  State  redesignations  of  air 
quality  classifications  of  Bureau  lands. 

.07  Coordination 


A.        Early  and  effective  coordination  with  other  BLM  resource  activities 
and  responsibilities  is  one  of  the  primary  objectives  of  the  Air  Resource 
Management  Program.      Effective  coordination  will   maximize  opportunities   for 
information  transfer  on  climate,  meteorology,   and  air  quality  to  assist  and 
improve  BLM  management  activities.      Early  coordination  and  assistance  will 
serve  to  minimize  potential   conflicts  with  other  management  opportunities  so 
that  air  quality  issues  do  not  become  constraints  to  BLM's  multiple  use 
management  responsibilities. 


(' 
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^  B.       The  Bureau  will   coordinate  with  other  agencies  and  groups  which  have 

responsibilities  for  or  are  affected  by  air  resource  management  actions 
including  land  management  agencies,   Federal,   State,   and  local   control    agencies 
and  other  resource  oriented  user  groups  to  assist  in  the  preparation  and 
review  of  land-use  plans,   issuance  of  permits,   proposed  rule  changes  affecting 
air  quality,   revisions  of  State  implementation  plans,  and  State  air  quality 
reclassifications. 

.1      Air  Resource  Program 

.11  .  Background 

%  BLM  land  management  actions  in  some  circumstances  can  have  a  significant 

effect  on  the  air  resources  and  in  turn,  air  resources  limitation  can 
potentially  limit  BLM  management  actions;  thus,   BLM  shares  in  the 
responsibility  for  management  of  the  air  resource  with  other  authorities. 
Primary  management  responsibility  rests  with  the  States  and  the  Environmental 
Protection  Agency.     The  Bureau's  role  in  air  resource  management  is  complex, 
involving  interagency  coordination,  participation  in  State  air  quality  related 
implementation  plans  and  processes,  monitoring,   impact  analysis,   and  advocacy 
in  some  situations. 
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.12     Description  of  the  Air  Resource  ( 

A.       The  properties  and  characteristics  of  the  air  resource  have 

biologically  fundamental    and  sometimes  crucial    relationships  in   the 
productivity  and  management  of  resources  and  aesthetic  values  of  the 
public  lands  such  as  wilderness  areas,  forestlands,  rangelands,   fish 
and  wildlife  and  their  habitat,  watershed,   archaeological   and 
historical   values,   recreational    and  natural    scenic  values. 

1.       Air  is  a  dynamic,  mobile,  constantly  changing  resource  that 
readily  transcends  geographic  and  political    boundaries. 


2.  Air  is  a  renewable  resource  within  the  limits  of  the  climate  and 
other  natural   processes  to  recycle  and  cleanse  the  air. 

3.  Air  is  a  consumable  resource  within  limits  of  air  quality 
standards  and  prevention  of  significant  deterioration 
regulations. 

B.       It  is  increasingly  important  for  resource  managers  and  field 
personnel    to  understand  and  use  more  and  more  climate/weather 
information  in  resource  management.     Climate  is  the  driving  force  for 
hydrologic,   biologic  and  ecologic  processes.     No  other  single  factor 
has  greater  influence  and  bearing  on  renewable  resource  management. 
Climate  as  a  technical    discipline  can,   if  used  effectively,   increase 
the  benefit,   productivity,   and  success  of  many  Bureau  activities. 


( 
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.13  Purpose  The  Air  Resource  Program  is  the  primary  management  method  by 
which  the  Bureau  implements  the  air  resource  management  policy 
(Section  06)  and  supports  related  stewardship  and  land  management 
responsibilities. 

.14  Air  Resource  Program  Description  The  Air  Resource  Program  is 

composed  of  four  major  parts:  (1)  air  resource  program  functional 
elements,  (2)  Washington  Office,  State/District  Office,  DSC,  and  BIFC 
responsibilities,  (3)  technical  skills,  (4)  program  organization. 

A.   Air  Resource  Program  Functional  Elements 

1.  Monitoring  and  Inventory  Collection  of  data  and 
information  as  necessary  to  determine,  evaluate,  and 
analyze  air  resource  conditions  and  trends  on  the  public 
lands  and  outer  continental  shelf,  including  air  quality, 
air  quality  increments,  climate,  meteorology,  sound,  wind, 
and  other  energy  forms  transmitted  through  the  atmosphere. 

2.  Technical  Assistance  Provide  technical  assistance, 
consultation,  information,  and  training  to  other  Bureau 
programs  requiring  consideration  of  air  resources  in  Bureau 
planning,  preparation  of  environmental  documents, 
rights-of-way  actions,  withdrawal,  lease  actions,  smoke 
management,  hazardous  materials  assessments,  and  other 
land-use  management  activities  and  decisions. 
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3.  Guidance  Develop  air  resource  management  guidance  and        ( 
procedures  for  management  activities  on  public  lands  to 

fulfill  air  resource  policy. 

4.  Intergovernmental  Coordination  Participate  in  air  resource 
planning,  implementation,  permit  review,  redesignation, 
rulemaking,  and  other  decisionmaking  processes  of  other 
Federal,  State,  and  local  agencies  to  ensure  3LM  concerns, 
views  and  needs  are  properly  considered. 


B.   Functional  Responsibilities 
1.   Washington  Office 

a.  Development  of  air  resource  policy  and  program  goals 
and  objectives; 

b.  Review  new,  proposed,  and  existing  regulations  and 
laws  affecting  Bureau  activities; 

c.  Develop  budget,  conduct  planning,  and  develop 
strategies  to  implement  programs; 

d.  Coordinate  with  other  governmental  agencies; 

e.  Establish  training  goals  and  standards; 

f.  Advocate  air  quality  protection  and  control; 
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g.   Provide  overall  program  direction,  coordination,  and 
evaluation. 

2.  Boise  Interagency  Fire  Center  (reserved) 

3.  Denver  Service  Cefiter  (EIS/EA  support) 
a. 

b. 

4.  State  and  District  Office 

The  State  and  District  Office  level    is  the  key  operational   level 
of  the  Bureau's  air  resource  management  program.     The 
responsibilities  of  the  State  and  District  Offices  to  implement 
the  air  resources  program  of  the  Bureau  includes  the  following 
general   activities: 

a.  Conduct  air  quality,  climate,   and  other  air  resource 
inventories  and  monitoring; 

b.  Assure  BLM  activities  are  consistent  with  Federal, 
State,   and  local    air  quality  standards; 

c.  Coordinate  BLM  program  plans  and  activities  with  State 
air  quality  agencies; 
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d.  Review  State  implementation  plans  (SIP)  and  recommend      ( 
revisions  and  changes  to  the  SIP  as  necessary  to  meet 

BLM  management  needs. 

e.  Evaluate  consumption  and  existing  use  of  air  quality 
increments  and  determine  influence  on  existing  and 
future  programs  and  activities; 

f.  Provide  technical  support  and  consultation  to  other 
State  Office  and  District  Office  programs; 

g.  Incorporate  climate,  meteorology  and  air  quality 
considerations  into  planning  processes,  including        ^ 
prescribed  fire  and  smoke  management. 

h.   Conduct  air  quality  modeling,  special  air  quality 
monitoring,  and  evaluations; 

i.   Assure  that  the  appropriate  air  quality  control  and 
protection  methods  and  emission  and  ambient  air 
quality  levels  are  contained  in  lease  stipulations  and 
other  Bureau  actions  requiring  protection  of  air 
quality  and  air  quality  related  values;  and 


j.   Conduct  air  quality  training  programs. 


t 
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C.  Technical    Skills 

1.  The  technical  skills  required  to  carry  out  the  major 
elements  of  the  air  resource  program  are  found  in  the 
technical  disciplines  of;  (1)  air  quality; 

(2)  meteorology /biochemistry;  (3)  air  pollution  control; 
and  (4)  air  quality  modeling. 

2.  The  skills  represented  by  these  disciplines  are  those 
necessary  to  carry  out  fully  the  requirements  of  applicable 
laws,  standards,  and  regulations. 

3.  Throughout  the  Bureau,  air  resource  workload  and 
requirements  for  certain  technical  skills  varies 
considerably  from  time  to  time  and  from  State  Office  to 
State  Office. 

D.  Program  Organization 

1.   The  State  Office  is  normally  the  most  appropriate 
organizational  level  for  the  air  quality  specialists 
because  of  the  far  reaching  nature  of  the  air  resource,  the 
need  for  close  coordination  with  State  government,  and  the 
support  role  of  the  air  resources  program. 
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2.   Air  resource  management  involves  large  land  areas  usually 
much  greater  than  Resource  Areas  or  Districts,  thus  Bureau 
coordination  with  State  agencies  and  Federal  agencies  is 
better  accomplished  from  State  Office  usually  co-located  in 
State  Capitols. 

.2  Air  Resource  Management  Activities 

.21  Purpose  This  section  describes  the  process  and  activities  through 
which  the  bureau  carries  out  its  Air  Resource  Management  responsibilities  and 
incorporates  Air  Resource  Management  into  the  Bureau  planning  process, 
programs,  and  management  activities  including  land  use  planning,  wilderness 
study,  leases,  withdrawals,  rights-of-way,  environmental  analyses  and  impact 
statements,  and  smoke  management  as  discussed  in  the  following  sections. 

.22  Types  of  Processes 


A.   Land  Use  Planning  Activities 


1 .   Procedures 


r 


r 


a.   The  air  resource  program  will  provide  information 

(i.e.,  alternative  management  situations,  monitored 

data,  etc.)  necessary  for  developing  management  and/or 

activity  plans  which  include  Management  Situation 

Analyses,  Resource  Management  Plans,  and  Management       ^ 
Framework  Plans. 


19 

b.  Early  in  each  management  planning  process  (typically 
when  identifying  the  existing  management  situation), 
the  air  resource  management  program  will  determine 
those  air  resource  factors  which  require,  limit,  or 
influence  particular  Bureau  management  actions. 

c.  The  air  resource  management  program  will  be  fully 
integrated  with  other  multiple  use  resource  programs 
in  order  to  identify: 

(1)  conflicting,  limited,  or  restricted  areas  such  as 
PSD  Class  I  or  nonattainment  areas. 

(2)  allowable  resource  uses  and  threshold  levels  such 
as  PSD  increments,  hazardous  pollutant  emission 
levels,  and/or  climatic  limitations. 

(3)  air  resource  characteristics,  goals,  and 
objectives  sought. 

(4)  protective  measures  and  control  practices  (e.g., 
lease  stipulations)  required  to  preserve  or 
enhance  air  resource  values. 
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(5)  sensitive  areas   requiring  more  detailed  activity  ( 
planning  to  assess  potential    impacts. 

(6)  air  resource  monitoring  and  modeling  requirements. 

2.       Coordination  Requirements 

Early  coordination  with  Bureau   personnel,   as  well    as 
outside  agencies,   is  necessary  for  timely,   balanced 
integration  of  air  resource  management  considerations  into 
multiple-use  planning  activities.     This  requires 
coordination  with  the  planning  team  and  responsible  Bureau 
officials,  as  well   as  affected  Federal,   State,  and  local  -> 

agencies,  and  Bureau  specialists  as  necessary. 

B.       Wilderness  Areas 

1 .       Procedure 

a.   Wilderness  values  are  made  up  of  a  number  of  resources 
including  air  quality.  The  air  resource  and  air 
quality  factors  of  BLM  wilderness  areas  will  be 
managed  in  such  a  way  and  to  the  extent  that  will 
protect  their  wilderness  character  and  leave  them 
unimpaired  for  future  use  and  enjoyment  as  wilderness. 

f 
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b.  The  Bureau  will    continue  to  manage  wilderness  study 
areas   (WSA's)   as  Class   II  air  quality  areas. 
Coordination  with  the  State  will    be  maintained  to 
assure  that  the  Class  II  air  quality  classification 
will   continue  to  assure  that  suitability  of  the  WSA  as 
a  wilderness  area  is  not  unduly  or  permanently 
impaired  and  to  afford  environmental    protection. 

c.  If  a  State  reclassifies  any  BLM  managed  wilderness 
area  to  Class  I  air  quality,   the  Bureau  shall   exercise 
its  affirmative  responsibility  to  protect  the  air 
quality  related  values  (including  visibility)  within 
the  Class  I  area.         Air  quality  reclassification  is 
the  prerogative  of  the  States  and  it  must  follow  a 
process  mandated  by  the  Clean  Air  Act  Amendments  of 
T977  involving  a  study  of  health,  environmental, 
economic,   social,  and  energy  effects,  a  public 
hearing,   and  a  report  to  the  Environmental    Protection 
Agency.     BLM  shall    participate  in  this  State  initiated 
process  where  BLM  lands  are  involved. 
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2.   Prescribed  Parameters  of  Discretionary  Authorized 
Responsibility 

a.   The  Federal  Land  Manager  must  exercise  affirmative 
responsibility  to  protect  air  quality  and  air  quality 
related  values  in  Class  I  areas  under  his  management 
(Clean  Air  Act  as  amended  August  1977). 


b.   The  Federal  Land  Policy  and  Management  Act,  Section 
603(c)  reads  in  part  that  during  the  period  of  review 
of  such  (WSA)  areas  and  until  Congress  has  determined 
otherwise,  the  Secretary  shall  continue  to  manage  such 
areas  according  to  his  authority  under  this  Act  and       C^ 
other  applicable  laws  in  a  manner  so  as  not  to  impair 
the  suitability  of  such  areas  for  preservation  as 
wilderness.  FLPMA  Section  603(c)  also  requires  in 
managing  the  public  lands  that  the  Secretary  shall  by 
regulation  or  otherwise  take  any  action  required  to 
prevent  unnecessary  or  undue  degradation  of  the  lands 
and  their  resources  or  to  afford  environmental 
protection. 


r 
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3.       Coordination  Requirements 

a.  Air  resource  specialists  will    coordinate  with  the  BLM 
wilderness  program  for  a  case  by  case  determination  of  air 
quality  related  values  and  where  air  quality  related  values 
may  be  of  concern. 

b.  Air  resource  specialists  will    coordinate  with  the 
appropriate  State  and  Federal    regulatory  agencies  in 
exercising  BLM's  affirmative  responsibility  to  protect  the 
air  quality  related  values   (including  visibility)  within 
any  Class  I  area  it  manages. 

C.       Leases,  Withdrawals,   Rights-of-Way,   Exchanges 

1 .       Procedures 

a.       BLM  will    include  in  all   land  transfer  instruments, 

enforceable  stipulations  designed  to  ensure  compliance 
with  all    applicable  State,   Federal,   and  local 
regulations,   implementation  plans,  or  standards. 
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b.   BLM  will  ensure  that  holders  of  transfer  agreements       f 
will  adopt  practices  which  minimize  air  pollution 
where  necessary.  Supplemental  measures  might  include, 
but  are  not  limited  to  control  of  non-regulated 
pollutants,  supplemental  pollution  control,  special 
management  or  industrial  practices,  or  contingency 
plans  triggered  by  meteorological  conditions. 


c.   BLM  will  not  undertake  any  land  transfer  instruments 
unless  the  applicants  can  demonstrate,  to  the 
satisfaction  of  the  relevant  approving  authority,  that 
the  action  will  not  circumvent  ambient  air  quality 
standards.  For  example,  BLM  will  not  grant  a  lease  if 
the  lessee  intends  to  exclude  public  access  so  that 
the  air  resource  over  the  leased  land  would  not  be 
considered  "ambient  air"  as  defined  in  State  or 
Federal  standards,  and  thus  not  be  subject  to  those 
standards. 


d.   Where  necessary,  BLM  will  include  stipulations 

requiring  the  applicant  to  gather  data,  or  to  allow 
access  to  transferred  lands  to  BLM  or  other  agencies 
in  order  to  gather  data. 


( 


^ 
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e.   BLM  win  adhere  to  the  discretionary  authority 

parameters  detailed  in  Section  301(c)  of  FLPMA,  and 
Section  176(c(  of  the  Clean  Air  Act.  Specifically: 

(1)  FLPMA  Section  302(c)  states,  in  part:  "The 
Secretary  shall  insert  in  any  instrument 
providing  for  the  use,  occupancy,  or  development 
of  the  public  lands  a  provision  authorizing 
revocation  or  suspension,  after  notice  and 
hearing,  of  such  instrument  upon  a  final 
administrative  finding  of  a  violation  of  any  term 
or  condition  of  the  instrument,  including  but  not 
limited  to,  terms  and  conditions  requiring 
compliance  with  regulations  under  Acts  applicable 
to  the  public  lands  and  compliance  with 
applicable  State  or  Federal  air  or  water  quality 
standard  or  implementation  plan:  .  .  .  ." 

(2)  The  Clean  Air  Act,  Section  176(c)  states,  in 
part:  "No  department,  agency,  or  instrumentality 
of  the  Federal  Government  shall  (1)  engage  in, 
(2)  support  in  any  way  or  provide  financial 
assistance  for,  (3)  license  or  permit,  or  (4) 
approve  any  activity  which  does  not  conform  to  a 
(state  implementation)  plan  after  it  has  been 
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approved  and  promulgated  under  Section  110.   ...     ^ 
The  assurance  of  conformity  to  such  a  plan  shall 
be  an  affirmative  responsibility  of  the  head  of 
such  department,  agency  or  instrumentality." 


2.   Coordination  Requirements 

a.  BLM  will  coordinate  any  enforcement  actions  undertaken 
for  regulation  noncompliance  with  the  appropriate 
regulatory  authority  (i.e.,  the  U.S.  Environmental 
Protection  Agency  and/or  State  government.) 

b.  BLM  will  take  an  active  role  in  the  development  and 
review  process  for  air  quality  regulations  by  State, 
Federal,  and  local  agencies  in  order  to  ensure  that 
BLM  stipulations  are  consistent  with  those  regulations. 

D.   Environmental  Impact  Statements  (EIS)  and  Assessments  (EA) 

1    Procedures  It  is  the  policy  of  the  Bureau  to  fully 

consider  if  air  quality  is  a  concern  in  each  specific  EIS 
or  EA  as  required  by  National  Environmental  Policy  Act 
(NEPA).  Determination  of  concern  will  be  made  through  the 
review  of  description  of  the  proposed  action,  scoping 
meetings,  and  discussions  with  BLM  air  resource 
specialists.   It  is  further  the  policy  of  the  Bureau  to 


r 
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fully  coordinate  the  EA  and  EIS  air  resource  analysis  and 
conclusions  with  other  affected,   responsible,  or  concerned 
agencies,  organizations,   and/or  individuals. 

The  air  quality  analyses  performed  are  for  the  purpose  of 
meeting  the  broader  environmental   analysis  requirements  and 
concerns  of  NEPA  and  not  for  more  specific  regulatory 
purposes  as  those  performed  by  the  State  or  EPA.     The  scope 
and  depth  of  analysis  will   be  dictated  by  the  nature  of  the 
proposed  action  to  be  addressed  in  the  NEPA  process. 
Because  the  air  resource  does  not  adhere  to  administrative 
or  physical   boundaries,  the  extent  of  the  impact  area  to  be 
addressed  may  often  be  broader  than  more  topographically 
defined  resources  such  as  soil,  vegetation,  etc. 

The  air  resource  analysis  will   also  provide  appropriate 
cl imatological    and  meteorological   analysis  in  sufficient 
detail   to  address  the  proposed  action. 

2.       Coordination 

The  air  resource  specialists  will    participate  with  the 

analysis   teams  on  those  statements  and  assessments  which 

have  air  quality  as   potential    issues.      Early  coordination 

with  other  resource  team  members  where  resource  interaction 

would  occur  such  as  socio-economics  to  assure  time 
effective  analysis  development  and  analysis  compatibility. 
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E.     Prevention  of  Significant  Air  Quality  Deterioration  / 


1.       Procedures     It  is  the  policy  of  the  Bureau  to  take  an 
active  coordination  role  with  the  State  in  the  State's 
responsibility  for  managing  the  existing  use  and  future 
consumption  of  allowable  increments  of  air  quality 
degradation  in  a  manner  that  will    provide  for  the 
protection  of  air  quality  as  well    as  the  multiple  use  and 
development  of  other  resources.     BLM  will   manage  its  lands 
consistent  with  the  current  PSD  classification.     BLM  will 
analyze  management  options  for  their  effect  on  PSD 
increment  consumption  and  incre-  ment  remaining  for  other 
uses  and  effect  on  future  management  options.     It  is  the 
responsibility  of  BLM  to  identify  potential   conflicts  in 
resource  use  and  air  quality  limitations. 


2.       Coordination     Redesignation  is  a  process  within  the  PSD 
program  that  could  have  signifi-  cant  implications  to  BLM 
multiple  use  management.      It  is,   therefore,   the  policy  of 
BLM  to  begin  early  coordination  with  the  redesignating 
authority  to  assure  BLM's  present  and  future  multiple  use 
management  responsibilities  are  adequately  considered. 


r 
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The  BLM  will   meet  its  affirmative  responsibility  to  protect 
the  air  quality  related  values   (including  visibility)  of 
any  BLM  managed  lands  within  a  Class   I  area  and  to  consider 
in  consultation  with  the  administrator  of  EPA  whether  a 
proposed  major  emitting  facility  will    have  an  adverse 
impact  on  such  values. 

BLM  should  also  coordinate  with   the  State  and  EPA  to  review 
permit  applications  within  Class  II  areas  which  bear  on 
Bureau  management  activities. 


F.       Redesignation 


1 .       Procedures 


2.       Coordination 


State 

Redesignation  Authority 

Indian 

State 
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G.   State  Implementation  Plan  V 

1 .   Program  Procedure 

a.   The  BLM  shall  actively  participate  in  the  development 
and  revisions  of  the  State  Implementation  Plan  (SIP) 
that  will  affect  the  planning  and  management 
activities  of  the  BLM.  This  involvement  includes  but 
is  not  limited  coordination  with  the  State  agency 
responsible  for  developing  the  SIP. 


b.  BLM  managers  and  specialists  must  be  aware  that 
Section  176(c)  of  the  Clean  Air  Act  as  amended  states 
that  no  Federal  agency  shall  (1)  engage  in,  (2) 
support  in  any  way  or  provide  financial  assistance 
for,  (3)  license  or  permit,  or  (4)  approve,  any 
activity  which  does  not  conform  to  the  SIP. 

c.  Areas  that  do  not  meet  National  Ambient  standards, 
called  nonattainment  areas,  require  special 
consideration  when  planning  and  implementing  BLM 
activities  that  may  impact  air  quality  in  these  areas. 
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2.   Coordination 

a.  Coordination  will  be  done  internally  in  BLM  to  assure 
that  SIP  requirements  are  considered  in  all  BLM 
activities. 

b.  Coordination  will  be  done  with  other  Federal,  State, 
and  local  agencies  when  these  agencies  are  involved 
with  our  activities  or  they  have  the  lead  role.  The 
time  frame  for  this  coordination  is  critical  for 
actions  that  other  agencies  have  the  lead  and  a  rigid 
time  schedule.  These  actions  include  but  are  not 
limited  to  reclassification  of  areas,  revision  of 
existing  standards,  and  propagation  of  new  standards. 

H.   Smoke  Management 

1.   Procedure  The  purpose  of  smoke  management  is  to  minimize 
air  quality  and  visibility  impairment  of  smoke  from 
prescribed  burning  on  smoke  sensitive  areas  by  identifying 
and  avoiding  smoke  sensitive  areas,  reduce  emissions,  and 
dispense  smoke  well . 


32 

a.  The  continued  and  expanded  use  of  prescribed  fire  as  a    \ 
basic  management  technique  for  maintaining  and 

enhancing  productivity  of  public  forest  and  rangelands 
in  dependent  upon  the  management  of  smoke  from 
prescribed  fires. 

b.  Prescribed  fires  will  be  planned  and  conducted  to 
minimize  the  impact  of  smoke  by  combining  favorable 
meteorological  transport  and  dispersion  conditions 
with  prescribed  techniques  to  reduce  smoke  emissions. 

c.  Smoke  management  will  be  included  in  all  prescribed 

burn  plans  where  smoke  sensitive  areas  may  be  impacted    r 
by  emissions  from  the  prescribed  burn. 

d.  Air  modeling,  or  other  predictive  methods  and  best 
available  meteorological  and  forecast  information  will 
be  used  to  determine  potential  smoke  impacts. 

e.  Smoke  management  activities  and  planning  will  be 
conducted  in  compliance  with  State,  local,  and  Federal 
smoke  management  programs,  regulations  and  standards, 
and  in  full  cooperation  with  State,  local  authorities, 
other  Federal  agencies,  and  the  private  sector  to 
collectively  reduce  the  impact  of  smoke  on  public 
health  and  welfare. 
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2.  Prescribed  Parameters  of  Discretionary  Authority  and 
Responsibil ity 

Prescribed  fire  managers  should  exercise  personal  and  legal 
responsibility  to  assure  the  success  of  smoke  management 
programs  by  voluntarily  curtailing  burning  if,  in  their 
opinion,  the  airshed  is  becoming  overloaded  with  smoke,  or 
local  weather  factors  are  likely  to  create  smoke  problems 
even  though  no  burning  restrictions  have  been  issued. 

3.  Coordination 

Assist  fire  management  in  assessing  smoke  impacts, 
coordinate  smoke  impact  assessments  with  local  central 
authorities. 


.3  Inventory 


31  Purpose  and  Objectives 

This  section  describes  the  purpose  and  objectives  of  air  resources 
inventory  in  the  BLM.  The  purpose  of  an  air  resource  inventory  is  to 
provide  air  resource  data  to  meet  BLM  program,  planning,  and 
management  activity  needs.  The  objectives  are   to  provide,  on  a 
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timely  basis,  the  necessary  data  to  establish  existing  air  resource 
conditions  and  determine  air  resource  trends  for  incorporation  into 
Bureau  programs,  plans,  and  management  decisions. 

.32  Procedures 

The  BLM  will  inventory  air  resource  data  as  needed  to  meet  BLM 

program  management  needs.  The  inventory  will  include  but  not  be 

limited  to  climate,  meteorology,  air  quality,  and  air  quality  effects 
data. 

The  BLM  will  use  existing  valid  air  resource  data  and  air  resource 
data  sources  whenever  possible.  These  sources  include  but  are  not 
limited  to  NOAA,  EPA,  other  Federal  and  State  agencies,  and 
universities. 

Any  inventory  done  as  part  of  an  established  network  shall  be 
reported  and  archived  according  to  the  procedures  of  that  network. 

.33  Reporting  and  Archiving 

The  BLM  shall  maintain  inventory  data.  The  method  of  reporting  and 
archiving  will  be  determined  on  a  case  by  case  basis.  As  procedures 
are  established  for  reporting  and  archiving,  the  existing  data  shall 
be  included  in  the  new  procedures  as  applicable. 
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.34     Coordination 

The  BLM  will   coordinate  with  State  and  Federal    agencies  and  other 
sources  in  acquiring  and  sharing  air  resource  data. 

The  BLM  will   determine  air  resource  data  user  needs  and  the 
appropriate  format  for  air  resource  data  utilization. 

.4    Air  Resource  Monitoring 

.41     Purpose  and  Objectives 

BLM  will    conduct  air  resource  monitoring  when  necessary  to: 

A.  obtain  useful   data  describing  the  air  resource  to  support 
numerous  Bureau  activities  (i.e.,   Resource  Management  Plans, 
reclamation  plans,  capability  analyses,  etc.). 

B.  cooperate  with  other  data  user  groups  to  the  fullest  extent 
possible,   limiting  duplication  of  efforts  and  program  costs. 

C.  develop  new  monitoring  techniques,   if  necessary,   for 
implementation  of  Bureau  activities. 

D.  support  multi -agency  monitoring  programs  where  it  is   in   the        * 
Bureau's  or  national    interest. 
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.42  Procedures 

A.  The  Bureau  will  monitor  air  resource  parameters  (e.g., 
meteorology,  climate,  and  air  quality)  only  where  adequate, 
valid,  usable  information  is  not  available  from  other  sources. 
Air  resource  monitoring  will  be  conducted  in  coordination  with 
other  data  user  groups  whenever  feasible. 

B.  Essential  air  resource  monitoring  will  be  initiated  by  the 
Bureau  to: 

1.  support  other  multiple  use  resource  programs. 

2.  carry  out  a  variety  of  management  actions,  such  as 
management  planning.  Environmental  Impact  Statements  and 
Environmental  Assessments,  Air  Quality  regulatory 
requirements,  land  use  agreement  stipulation  enforcement, 
etc. 

3.  determine  air  resource  impacts  to  and/or  effects  on  BLM 
resources  due  to  Bureau  or  outside  generated  emission 
sources. 
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C.  The  Bureau  may  cooperatively  participate  in  external  air 
resource  monitoring  programs  (i.e.,  National  Atmospheric 
Deposition  Program,  Weather  Service  network,  etc.)  where  it  is 
in  the  Bureau's  or  national  interest. 

D.  All  air  resource  monitoring  must  be  conducted  based  upon  a 
quality  assurance  program  and  methods  appropriate  for  the 
intended  use  of  the  data. 

E.  Standard  monitoring  methodology  (e.g.,  U.S.  Environmental 
Protection  Agency  reference  or  equivalent  air  quality  methods. 
National  Weather  Service  methods,  or  other  standardization  as 
needed  to  ensure  uniformity  in  monitoring  activities)  should  be 
applied  except  under  special  circumstances. 

43  Reporting  Requirements 

A.  Air  resource  monitoring  data  are  to  be  reported  to  and  archived 
at  least  annually. 

B.  Brief  descriptions  of  the  quality  assurance  procedures  applied 
when  collecting  monitoring  data  are  to  accompany  the  data 
inventory. 
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C.  Validated  air  resource  monitoring  data  collected  on  a 
cooperative  basis  will  be  reported  to  and  shared  with 
cooperative  users  without  reservation. 

.44    Coordination  Requirements 

A.       Air  resource  monitoring  will    be  conducted  cooperatively  with 
other  data  user  groups  whenever  feasible. 


B.  Prior  to  implementing  a  cooperative  monitoring  program,   specific 
purpose,  objectives,   authority,   scope,   responsibility, 
deliverable  items,   reporting,   and  funding  requirements  will    be 
delineated  and  agreed  to  by  all   cooperative  parties.  f^ 

C.  Monitoring  data  indicating  stipulation  violations  shall    be 
reported  to  the  responsible  regulatory  authority  for  appropriate 
action  as  soon  as  possible. 

5     Air  Resource  Modeling 

.51     Purpose  and  Objectives 

A.       Regulatory  Modeling     Air  resource  modeling  is  often  one  of  the 
most  complex, . data-intensive  tools  which  the  Federal    Land 
Manager  must  use  to  support  program  activities.     Air  quality  it- 

modeling  can  be  simplified  into  three  types.     The  first  type  is 
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modeling  to  receive  an  approved  emissions  permit  from  a 
designated  regulatory  authority.  This  modeling  requires 
extensive  meteorological  data,  relatively  complete 
conceptualized  project  emissions  by  amount  and  species,  and 
primarily  addresses  the  limitations  of  the  PSD  increment  or 
ambient  standards  in  localized  areas.  The  Bureau  must  have  at 
its  disposal  modeling  tools  and  expertise  to  conduct  detailed 
reviews  of  this  type  of  modeling  to  ensure  that  the  best 
interests  of  the  public's  trust  are  forwarded  through 
responsible  management. 

B.  Modeling  for  NEPA  Analyses  The  second  type  of  modeling  which 
must  be  used  by  the  Federal  Land  Manager  is  performed  to  support 
land  management  decisions  by  projection  of  air  resource 
consequences.  This  type  of  modeling  generally  addresses 
consequences  over  large  geographic  areas  from  projects  whose 
emissions  rates  by  amount  and  species  are  less  precisely  known. 
Extensive  meteorological  data  sets  are  often  lacking  and 
analyses  are  designed  by  best  scientific  judgment  to  result  in 
believable  and  defensible  worst  case  potential  impacts  for  NEPA 
disclosure  documents. 

C.  Resource  Management  Support  Modeling  The  third  type  of  modeling 
is  carried  on  by  the  agency  internally  to  site  monitoring 
equipment,  delineate  areas  of  critical  environmental  concerns, 
assist  resource  management  planning,  and  provide  support  to 
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other  resource  activities.     This  type  of  modeling  can  be  made  up 
of  various  elements  of  the  other  two  but  in  essence,   is 
completed  to  increase  knowledge  of  the  natural    systems  the 
Bureau  manages.     Often  this  type  of  modeling  may  be  completed  as 
input  to  other  resource  assessment  models  such  as  range  forage 
production  models  or  wildlife  population  dynamics  models. 

D.       Legislative  Backdrop     While  the  first  type  of  modeling  concerns 
the  stipulations  of  the  Clean  Air  Act,   the  second  type  of 
modeling  is  firmly  grounded  in  the  requirements  of  the  National 
Environmental    Policy  Act,   the  Federal    Land  Policy  and  Management 
Act,   the  Wilderness  Act,   and  the  Clean  Air  Act  itself.     The 
third  type  of  modeling  is  not  necessarily  directly  driven  by 
legislation,  but  is  often  the  only  tool   available  to  make  wise 
resource  management  decisions.     These  decisions  themselves  may 
be  driven  directly  by  various  statutes  or  executive  orders. 
Thus,  under  the  requirements  of  legislation,   the  BLM  and  other 
Federal    Land  Managers  must  assume  responsibility  for  completion 
of  scientifically  defensible  analyses.     BLM  specialists  must 
have  the  modeling  capability  and  technical   and  expertise  to 
correctly  conduct  or  supervise  this  type  of  modeling  to 
guarantee  that  legislative  responsibilities  are  met. 
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.62  Program  Procedures 


A.       Modeling  Activities     After  recognizing  air  resource  modeling  as  an 
indispensable  tool    and  element  of  air  resource  management,   it  is   the 
policy  of  the  Bureau  to  fully  and  correctly  integrate  air  resource 
modeling  into  its  management  activities.     Bureau  air  resource 
modeling  must  be  conducted  so  as  to  be  technically  defensible  to 
support  the  best  interest  of  the  public  and  the  agency.     Technical 
defensibility  will    be  achieved  through  state-of-the-science  modeling 
tools  and  professional   expertise. 

1.       It  is  also  the  policy  of  the  Bureau  to  develop  modeling  tools 
and  professional   expertise  to  support  this  policy  by: 

(a)  Increasing  the  timeliness  and  technical   excellence  of 
Bureau  studies  while  reducing  costs  by  using   "in-house" 
modeling  capabilities  to  compliment  the  Bureau's  unique 
legislated  responsibilities  as  a  Federal    Land  Manager. 

(b)  Developing  uniform  modeling  guidelines,   presenting  standard 
approaches  tempered  by  professional   judgment  on  the  scope 
of  analysis,  project  funding,   and  data  availability.     The 
goal   of  these  guidelines  shall   be  to  enhance  consistency 
and  technical    supportabil i ty  of  Bureau   studies. 
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(c)     Consulting  qualified  Bureau  personnel    to  determine  if 

modeling  is  required  and  to  review  proposed  methodology  and 
analysis  results. 

2.       This  may  also  necessitate  the  development  of 

state-of-the-science  models  and  procedures,  where  none  are 
otherwise  available,  designed  to  support  Bureau  activities 
including,  but  not  limited  to: 

(a)  Developing  alternatives  for  management  actions  which 
assure,   to  the  best  possible  extent,  compliance  with  State 
Implementation  Plans  and  other  legislated  air  resource 
considerations. 

(b)  Developing  lease  tract  ranking  strategies  and  decisions. 

(c)  Determining  lease  stipulations, 

(d)  Supporting  smoke  management  programs. 

(e)  Siting  monitoring  equipment. 

(f)  Conducting  detailed  reviews,   if  necessary,  of  industrial 
applicant's  emissions  permit  applications. 
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(g)     Detennim'ng  geographic  areas  of  crucial   management  concern 
including  such  topics  as  hydrogen  sulfide  risk  areas, 
winter  feeding  grounds,   and  public  nuisance  due  to  air 
resource  impacts, 

(h)     Providing  climatological    information  for  range,  wildlife 
and  watershed  management  decisions,   as  appropriate. 

(i)     Determining  appropriate  methodology  for  ensuring  modeling 
consistency,   supportability,  and  repeatability. 

.53     Reporting  Requirements     Although  air  resources  has  a  body  of  jargon 
which  succinctly  expresses  complex  technical   concepts,   Bureau  air 
resource  modeling  information  transmittals   (such  as  technical    reports 
and  EIS  sections)  will   be  written  to  be  understandable  to  as  general 
an  audience  as  is  practical.     Modeling  analyses  shall    be  provided  in 
a  timely  manner. 

.54  Coordination  Requirements  Due  to  the  often  complex  and  sometimes 
controversial  nature  of  air  resource  analyses,  close  and  early 
coordination  with  Federal,  State,  local,  and  private  agencies  and 
individuals  will  be  usually  indispensable.  The  sensitive  nature  of 
gathering  appropriate  date  and  choosing  assumptions  and  models  to 
complete  a  modeling  analysis  may  necessitate  the  involvement  of  a 
qualified  BLM  air  resources  specialist. 
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6  Air  Resource  Training  and  Education 

.61  Purpose  and  Objectives 

A.  In  order  to  fully  integrate  Air  Resource  Management 
considerations  throughout  the  Bureau,  and  as  one  of  the  most 
recent  programs  to  be  implemented  by  the  Bureau,  there  is  a 
special  need  for  Air  Resource  Management  training  of  both 
personnel  who  routinely  conduct  air  resource  activities  and  the 
Bureau  as  a  whole  (particularly  other  program  specialists  and 
management).   In  order  to  accomplish  these  training  needs,  the 
Air  Resource  Specialists  will  to  conduct  conferences,  workshops, 
and  specialized  training  (such  as  Environmental  Impact  Analysis 
training,  etc.).  Particular  emphasis  is  needed  to  identify  and 
implement  the  unique  Air  Resource  Management  responsibilities. 

B.  Training  of  the  specialists  is  necessary  to  maintain 
"state-of-the-art"  technical  awareness,  both  to  properly  manage 
the  resource  and  to  effectively  interact  with  resource  user  • 
groups  (i.e.,  industry  and  environmentalists).  The  Bureau  will 
make  training  resources  available  in  order  to  maintain  the 
necessary  level  of  technical  expertise  required  to  meet 
management  responsibilities  (including  budgetary  considerations). 
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C.   Given  the  limited  availability  of  specialized  training  within 
the  Bureau,  and  also  from  other  Federal  agencies,  the  Bureau 
will  make  outside  training  sources  available  where  applicable 
(especially  when  the  private  sector  is  the  only  available 
source).  The  Bureau  may  also  utilize  workshops,  conferences, 
meetings,  and  other  training  techniques  (e.g.,  self 
instructional  courses)  in  order  to  meet  training  objectives. 

.62  Procedures 

•Instruments  of  agreement  (e.g.,  cooperative  agreements)  and  normal 
procurement  procedures  will  be  needed  to  implement  the  Air  Resource 
Management  training  program. 

.63  Reporti  ng  Requ i  rements 

Existing  reporting  requirements  will  be  followed  through  the  training 
management  program. 

.64  Coordination  Requirements 

All  training  activities  and  educational  materials  will  be  conducted 
and/or  coordinated  through  existing  training  and  librarial  management 
programs,  particularly  to  present  training  to  other  Bureau  employees 
(nonspecialists). 
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BLM  Mr  Resource  Staff 

Mr.  Russ  Hansen  (Air  Contact) 
U.S.  Bureau  of  Land  Management 
Alaska  State  Office 
701  'C  Street,  Box  13 
Anchorage,  AK  99513 

Mr.  Dan  McGlothlin  (Air  Coordinator) 
U.S.  Bureau  of  Land  Management 
Arizona  State  Office 
3707  North  7th  Street 
Phoenix,  AZ  85014 

Mr.  Phil  Sielaff  (Climate  Coordinator) 
U.S.  Bureau  of  Land  Management 
Boise  Interagency  Fire  Center 
3905  Vista  Avenue 
Boise,  ID  83705 

Ms.  Lois  Payne  (Air  Coordinator) 
U.S.  Bureau  of  Land  Management 
California  State  Office 
2800  Cottage  Way 
Sacramento,  CA  95825 

Mr.  Scott  Archer  (Air  Specialist) 
U.S.  Bureau  of  Land  Management 
Colorado  State  Office 
2020  Arapahoe  Street 
Denver,  CO  80205 

Mr.  Lee  Stevens  (Air  Specialist) 
U.S.  Bureau  of  Land  Management 
Colorado  Oil  Shale  Project  Office 
P.O.  Box  580 
Grand  Junction,  CO  81502 

Mr.  Tom  Hewitt  (Air  Contact) 
U.S.  Bureau  of  Land  Management 
Eastern  States  Office 
350  South  Pickett  Street 
Alexandria,  VA  22304 

Mr.  Steve  Ellis  (Air  Coordinator) 
U.S.  Bureau  of  Land  Management 
Idaho  State  Office 
3380  Americana  Terrace 
Boise,  ID  83706 

Mr.  Harlan  Hayes  (Air  Coordinator) 
U.S.  Bureau  of  Land  Management 
Montana  State  Office 
P.O.  Box  36800 
Billings,  MT  59107 
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(907)  271-5069 


FTS  261-5512 
(602)  241-5512 


FTS  554-9446 
(208)  334-9446 


FTS  460-4725 
(916)  970-4725 


FTS  564-7122 
(303)  294-7122 


FTS  323-0379 
(303)  245-6700 


FTS  274-0070 

(703)  274-0070 

(All  States  bordering  and  East 

of  the  Mississippi  River) 


FTS  554-9516 
(208)  334-9516 


FTS  585-6474 

(406)  657-6474 

(Also  North  and  South  Dakota) 
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Mr.  Jim  McGlothlin  (Air  Contact) 
U.S.  Bureau  of  Land  Management 
Nevada  State  Office 
P.O.  Box  12000 
Reno,  NV  89520 

Mr.  Chris  Anderson  (Air  Specialist) 
U.S.  Bureau  of  Land  Management 
New  Mexico  State  Office 
P.O.  Box  1449 
Santa  Fe,  NM  87501 

Mr.  Bill  Brookes  (Climate  Coordinator) 
Dr.  Bob  Clark  (Smoke  Coordinator) 
U.S.  Bureau  of  Land  Management 
Oregon  State  Office 
P.O.  Box  2965 
Portland,  OR  97208 

Dr.  Bill  Wagner  (Air  Specialist) 

UcS.  Bureau  of  Land  Management 

Utah  State  Office 

324  South  State  Street 

Salt  Lake  City,  UT  84111 

Mr.  Al  Riebau  (Air  Specialist) 
U.S.  Bureau  of  Land  Management 
Wyoming  State  Office 
P.O.  Box  1828 
Cheyenne,  WY  82001 

Mr.  Stan  Coloff  (Air  Specialist) 
U.S.  Bureau  of  Land  Management 
Washington  Office  (WO-222) 
Room  909,  Premier  Building 
18th  &  'C  Streets,  N.W. 
Washington,  DC  20240 


FTS  470-5455 
(702)  784-5455 


b. 


FTS  476-6565 

(505)  988-6565 

(Also  Kansas,  Texas,  and 

Oklahoma) 


FTS  429-2253 
(503)  231-2253 
(Also  Washington) 


FTS  588-3125 
(801)  524-3125 


FTS  328-2068 
(307)  772-2068 
(Also  Nebraska) 


FTS  653-9210 
(202)  653-9210 
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FS  Air  Resource  Staff 

Ronald  L.  Russell  (Rge/WS) 
Forest  Service 
Northern  Region  (ROIA) 
P.O.  Box  7669 
Missoula,  MT  59807 

Dennis  V.  Haddow  (A  &  FM) 

Forest  Service 

Rocky  Mountain  Region  (R02A) 

P.O.  Box  25127 

Lakewood,  CO  80225 

Toby  Hanes  (S/W) 
Forest  Service 
Southwestern  Region  (R03A) 
517  Gold  Ave.,  SW 
Albuquerque,  NM  87102 

Clifford  R.  Benoit  (S/W) 
Forest  Service 
Intermountain  Region  (R04A) 
324  25th  Street 
Ogden,  UT  84401 

Bob  Doty  (WS) 

Forest  Service 

Pacific  Southwest  Region  (R05A) 

630  Sansome  Street 

San  Francisco,  CA  94111 

Charlotte  Hopper  (A  &  FM) 

Forest  Service 

Pacific  Northwest  Region  (R06A) 

P.O.  Box  3623 

Portland,  OR  97208 

Keith  R.  McLaughlin  (SW  &  A) 
Forest  Service 
Southern  Region  (R08A) 
1720  Peachtree  Road,  NW 
Atlanta,  GA  30367 

Harry  Parrott  (L  WS  &  M) 
Forest  Service 
Eastern  Region  (R09A) 
633  West  Wisconsin  Avenue 
Milwaukee,  WI  53203 

Tom  Sheehy  (LM  &  WS) 
Forest  Service 
Alaska  Region  (RIOA) 
P.O.  Box  1628 
Juneau,  AK  99802 


FTS  585-3233 
(406)  329-3233 
(MT,  N  ID,  NW  SD) 


FTS  776-9562 

(303)  236-9562 

(CO,  KS,  NE,  SD,  E  WY) 


FTS  474-1835 
(505)  766-1835 
(AZ  &  NM) 


FTS  586-5594 

(801)  625-5594 

(S  ID,  NV,  UT,  W  WY) 


FTS  556-1564 
(415)  556-1564 
(CA  &  HI) 


FTS  423-5434 
(503)  211-5434 
(OR  &  WA) 


FTS  257-2692 

(404)  881-2692 

(All  states  from  TX  east 

and  KY/VA  south) 


FTS  362-3342 

(414)  291-3342 

(All  states  from  MO/MN  east 

and  IL/MD  north) 


(907)  586-7247 
(AK  only) 
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FS  Air  Resource  Staff  Cont'd 

James  G.  Byrne  (WS  &  A) 
Forest  Service 
Washington  Office  (WOIB) 
P.O.  Box  2417 
Washington,  DC  20013 


FTS  235-8096 
(703)  235-8096 


Richard  W.  Fisher  (WS  &  A) 
Douglas  G.  Fox  (AQ  &  AS  Res) 
Forest  Service  (S28A) 
Rocky  Mountain  Forest 

and  Range  Experiment  Station 
240  West  Prospect  Street 
Fort  Collins,  CO  80526 

David  V.  Sandberg  (F  &  A  Res) 

Forest  Service 

Forestry  Sciences  Laboratory  (R06F0SA) 

4507  University  Way,  NE 

Seattle,  WA  98105 

Charles  K.  McMahon  (Smoke  Chemistry) 

Forest  Service 

Southern  Forest  Fire  Laboratory 

Rt.  1,  Box  182-A 

Dry  Branch,  GA  31020 


FTS  323-1232 
FTS  323-1231 
(303)  224-1231 


FTS  399-7815 


FTS  238-0204 
(912)  744-0220 
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NFS  Mr  Resource  Staff 

Dr.  William  Anderson 

Mr.  David  Sherman 

National  Park  Service 

National  Capitol  Regional  Office 

1100  Ohio  Drive,  S.W. 

Washington,  DC  20242 

Ms.  Mary  Foley 

National  Park  Service 

North  Atlantic  Regional  Office 

15  State  Street 

Boston,  MA  02109 

Mr.  John  Karish 
National  Park  Service 
Mid-Atlantic  Region 
209-B  Ferguson  Building 
University  Park,  PA  16802 

Mr.  Ken  Hulick 
National  Park  Service 
Southeast  Regional  Office 
75  Spring  Street 
Atlanta,  GA  30303 

Dr.  Michael  Ruggerio 
National  Park  Service 
Midwest  Regional  Office 
1709  Jackson  Street 
Omaha,  NE  68102 

Mr.  Cecil  Lewis 

National  Park  Service 

Rocky  Mountain  Regional  Office 

P.O.  Box  25287 

Denver,  CO  80225 

Dr.  Keith  Yarborough 
National  Park  Service 
Southwest  Regional  Office 
P.O.  Box  728 
Santa  Fe,  NM  87501 

Ms.  Shirley  M.  Clark 

National  Park  Service 

Pacific  Northwest  Regional  Office 

2001  6th  Avenue 

Seattle,  WA  98121 


FTS  426-6660 


FTS  223-7765 


FTS  597-7974 


FTS  242-4916 


FTS  864-3438 


FTS  236-8647 


FTS  476-6412 


FTS  399-4235 
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NFS  Air  Resource  Staff  Cont'd 
Mr.  Don  Christensen 
National  Park  Service 
Western  Regional  Office 
P.O.  Box  36063 
San  Francisco,  CA  94102 

Dr.  Gary  Ahl strand 
National  Park  Service 
Alaska  Regional  Office 
2525  Gambell  Street,  Room  206 
Anchorage,  AK  99503 

National  Park  Service 
Air  Quality  Division 
P.O.  Box  25287 
Denver,  CO  80225 

John  Christiano,  Division  Chief 

Betty  Frantum,  Program  Assistant 

Mark  Scruggs,  Research  Branch  Chief 
Jim  Bennett,  Ecologist 
Don  Henderson,  Research  Meteorologist 
Ken  Stolte,  Biologist 
Vacant,  Monitoring  Specialist 

Christine  Shaver,  Policy  Branch  Chief 
Erik  Hauge,  Env.  Specialist 
D.  Brian  Mitchell,  Env.  Proct.  Spec. 
Darwin  Morse,  Env.  Proct.  Spec. 
David  Joseph,  Env.  Proct.  Spec. 

Miguel  Floras,  Permit  Review  Branch  Chief 

John  Bunyak,  Env.  Engineer 
Deborah  Mangis,  Env.  Specialist 
Gail  Brown,  Computer  Specialist 

Molly  Ross,  Staff  Assistant 
Debby  Peck,  Program  Analyst 
National  Park  Service 
Air  Quality  Division 
18th  and  'C  Streets,  NW 
Washington,  DC  20240 

William  C.  Malm,  Research  Physicist 

National  Park  Service 

Air  Quality  Division 

301  South  Howes,  Room  343 

Fort  Collins,  CO  80521 


FTS  556-8373 


(907)  271-4239 


(303)  236-8765 
(303)  236-8770 


(303)  236-8761 


# 


(303)  236-8765 


FTS  343-4911 
FTS  343-3293 


(303)  221-5341 
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IN  tSUY  »tf  £»   TO 

United  States  Department  of  the  Interior  cc-933 

7700 
BUREAU  OF  LAND  MANAGEMENT    • 

COLORADO  STATE  CP=lCc 
1037  20th  STREET 
iL -  DENVER.  CO  30202 

October  7,  1982 


Inforaation  Memorandum  No.  CO-83-4 
Expires:  9/30/34 

To:      District  Managers 

From:     State  Director,  Colorado 

Subject:  Air  Resource  Management  Audio-Visual  Training  Aids 

Several  audio-visual  training  aids  have  been  assembled  in  the  State  Office 
to  assist  field  personnel  in  understanding  air  resource  management  issues. 
The  enclosed  list  identifies  available  video  tape  and  slide/cassette 
programs  with  brief  descriptions  of  each  program's  content.  With  the 
exception  of  the  "Visibility"  video  tape,  all  programs  are  general  in 
nature  and  appropriate  for  viewing  by  all  3ureau  personnel.   Several 
presentations  also  have  support  documentation  co  assist  the  viewers. 

These  programs  are  available  on  loan  from  Linda  Lewis,  Employee 
Development  Specialist,  FTS  327-2347.  Questions  concerning  technical 
content  should  be  directed  to  Scott  Archer,  Air  Quality  Specialist, 
FTS  327-3264. 
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U.S.  Department  of  the  Interior 
Bureau  of  Land  Management 
Washington,  DC  20240   (202)  653-9210 


AIR  RESOURCE  MANAGEMEIIT:  An  Introductory  Session 
1  Tape  (35  Minutes);  198L 


Prepared  by  BLM's  Washington  Office  (Lands  &  Renewable 
Resources  Staff),  this  program  provides  a  rvo  part  intro- 
AIR        duction  for  all  Bureau  personnel  on  Air  Resource  Management 
RESOURCE    concepts,  terminology  and  acronyms  of  this  new  area  of  manage- 
MANAGEMENT  ment  responsibility.  Part  1  reviews  the  legal  requirements 
and  foundation  for  air  resource  management  and  the  roles 
and  responsibilities  shared  by  3LM,  state  governments,  Che 
EPA  and  other  Feaerai  land  managers.   Part  2  examines  various 
categories  of  air  pollution  sources  on  public  lands  and 
discusses  how  climate  and  meteorology  affect  the  transport  and 
concentration  of  air  pollutants.  An  outline  accompanies  the 
video  tape  defining  terms  and  d-escribing  management  concepts. 


Appalachian  Community  Service  Network 
1200  New  Hampshire  Ave.,  NW.  Suite  2^0 
Washington,  DC  20036  (202)  331-8100 

CLEAN  AIR  AND  THE  PASKS  COPYRIGHTED  MATZ?J:.\L 

2  Tapes  (60  Minutes  each);  1981         NOT  FOR  PUBLIC  RELEASE 


CLEAN  AIR   Produced  by  the  National  Parks  and  Conser'/aticn  Association 
AND      and  originally  aired  live  on  March  29,  1981,  this  program 

THE  PARKS   examines  several  controversial  air  quality  issues  including 
Clean  Air  Act  revisions,  visibility,  acid  rain,  and  other 
aspects  of  the  PSD  program.   Barbara  Brown  (National  Park 
Service)  presents  a  half  hour  general  overview  with 
additional  comments  by  scientists  Drs.  William  Malm, 
Gary  Glass  and  John  Skelly.  A  1^  hour  panel  discussion 
follows,  including  call-in  session  questions,  hosted  by 
Paul  Pritchard  (NPCA  Executive  Director)  and  including 
Richard  Ayers  (Clean  Air  Coalition)  ,  Paul  I-Caplow  (Arco)  , 
Edward  Macias  (Washington  Universicy) ,  George  Rejhon 
(Canadian  Embassy),  Paul  Stolpman  (EPA,  Office  of  Policy 
Analysis),  and  Jack  Taylor  (Edison  Electric  Institute). 


!) 
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WVIA-TV  Public  Braodcascing  Canter 
Old  Boston  Road,  Jenkins  Township 
Plttston,  PA  13640   (717)  344-1244 

H.R.  6161  -  AN  ACT  OF  CONGIIESS 
1  Tape  (60  Minutes) ;  1980? 


COPTRIGHTED  MATERIAL 
NOT  FOR  PU3LIC  RZLZASZ 


H.R.  6161 

AN  ACT  OF 
CONGRESS 


Produced  by  Guggenheim  Productions,  Inc.,  under  grants  by 
the  National  Endowninent  for  the  Humanities  and  Westinghoxise 
Electric  Corp.,  and  aired  May  27,  1982  on  WETA-TV,  this 
program  examines  how  the  Clean  Air  Act  was  amended  in 
1977.  The  program  focuses  on  changes  to  vehicle  emission 
levels  and  deadlines  for  compliance,  but  also  demonstrates 
the  basic  process  followed  for  other  sections  of  the  amend- 
ment. H.R.  6161  is  followed  through  sub-  and  full-committee 
hearings,  through  the  House  Rules  commictee  and  to  a  floor 
vote,  and  final  passage  by  the  House  and  Senate.  Principle 
Congressmen  involved  include  Paul  Rogers  (D-FL)  representing 
health  and  environment  interests,  with  John  Dingell  (D-MI) 
and  James  Broyhill  (R-NC)  representing  automobile  industry 
interests.  THE  REGULATORS  -  OUR  DIVISIBLE  GOVERNMENT  pro- 
vides an  interesting  follow-up  to  this  program. 


WVIA-TV  Public  Broadcasting  Center 
Old  Boston  Road,  Jenkins  Township 
Pittston,  PA  18640   (717)  344-1244 


THE  REGU- 
LATORS 

OUR 

INVISIBLE 
GOVERNMENT 


THE  REGLT.ATORS  -  OUR  INVISIBLE  GOVERNMEriT 
1  Tape  (50  Minutes) ;  1982 


COPYRIGHTED  MATERIAL 
NOT  FOR  ?U3L:C  ?-ZLZ.\SZ 


Produced  by  ROBERT  PIERCE/Filas ,  Inc.,  under  grans  by 
Bendix  Corp.  and  che  Office  of  Environmental  Education 
(US  Dept.  of  Education),  and  aired  May  23,  1982  on  v^ETA-r/, 
this  program  "explains  how  the  laws  of  Congress  are  trans- 
lated by  an  army  of  little  known  bureaucrats  into  regulations 
effecting  every  american's  life  and  livelihood.'' ^^Section 
169A  of  the  1977  Clean  Air  Act  Amendments  if  followed 
through  development,  review  and  final  implementation, 
three  years  after  Congress  passed  the  law  concerning  air 
pollution  in  pristine  areas.   Principle  persons  involved 
include  Gordon  Anderson  (photographer  and  environmentalist) 
who  originally  presented  the  problem  to  Congress,  Da'/id 
Hawkins  (ZPA,  Chief  of  Air  Pollution  Programs)  responsible 
for  developing  the  regulations,  Barbara  Brown  (NPS,  Chief  of 
Air  Quality)  representing  the  National  Park  Service,  and 
Johnnie  Pearson  (EPA,  Standards  and  Implementation)  vho  vrote 
the  regulations.   H.R.  6161  -  AN  ACT  OF  CONGRESS  provides  an 
interesting  introduction  to  this  program.  A  film  guide 
accompanies  the  video  tape  to  assist  in  viewing. 
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New  England  Interstate  Water 

Pollution  Control  Connnlssion 
607  Boy Is ton  Street 
Boston,   MA.     02116      (617)    437-1524 

A  CAUSE  FOR  ALAHM:  Acid  Precipitation 

in  the  Northeast 
Slide/Cassette  Tape  (26  Minutes) ;  1981 


COPYRIGHTZD  MATERIAL 
DO  NOT  COPY 


Produced  by  the  New  England  Interstate  Water  Pollution  Control 
Commission  and  Northeast  States  for  Coordinated  Air  Use 
A  CAUSE     Management,  this  program  examines  the  complex  issues  of  acid 
FOR      precipitation  (acid  rain) ,  particularly  in  the  Northeast. 
ALARM     Issues  addressed  include:   definitions  of  acidity,  ?H,  and 

alkalinity  and  buffering  capacity;  identification  of  sources, 
chemical  processes  and  long  range  transport  involved  in  acid 
rain;  and  impacts  to  aquatic  and  terrestrial  ecosystems, 
drinking  water,  marmade  structures,  visibility  and  human 
health.  An  introductory  brochure  and  program  script  accompany 
the  slide/tape  program  to  assist  in  viewing. 


^') 


U.S.  Environmental  Protection  Agency 

Air  Pollution  Training  Institute 

Research  Triangle  Park,  NC  27771   (919)  541-2498 


VISIBILITY 

1  Tape  (58  Minutes) ;  1979? 


visiBiLir: 


Produced  by  EPA's  Air  Pollution  training  institute,  this 
program  provides  a  very  technical  introduction  to  visibility 
monitoring  and  interpretation.  Dr.  William  C.  Malm  (USEPA/ 
EMSL-Las  Vegas)  and  Dr.  Ken  O'Dell  (Northern  .Arizona  Uni- 
versity) discuss  human  perceptions  of  visibility  and  the 
factors  which  influence  them.  Major  topics  include  measure- 
ment of  vista  contrast,  visual  range,  and  color.   The 
speakers  conduct  demonstrations  of  air  pollution  effects 
on  visibility.  An  outline  accompanies  the  video  tape  defining 
terms  and  describing  measurement/ interpretation  concepts. 


I>, 


( 


^  Valley  Vision  Television 

Box  8718 
Aspen,  CO  81612  (303)  923-5591 

ON  THE  AIR  COPYRIGETZD  MATERIAL 

1  Tape  (29:34  Minutes) ; 1982       DO  NOT  CO?? 

Produced  by  Mary  Mann  of  Valley  Vision  Television  and 
aired  on  KSMA-TV  October  1,  1982,  this  program  examines 
issues  surrounding  the  reauthorization  of  the  Clean  Air 
Act  and  the  resulting  impacts  to  Western  Colorado. 
ON  THE      The  program  focuses  on  the  costs  of  polluting  clean 
AIR       versus  the  need  to  reduce  foreign  oil  dependence  and 

spur  economic  growth.   Issues  examined  include  visibility, 
acid  rain,  and  budget  cuts  vithin  the  EPA.   Includes 
interviews  with  Ste/e  Durham  (EPA) ,  John  Firor  (Formerly 
with  the  Nat'l  Center  for  Atmospheric  Research), 
Dennis  Haddow  (USPS),  Bobby  Hall  (American  Petroleum 
Institute),  Gary  Hart  (3enator-C0) ,  Anne  Gorsuch  (EPA), 
Kathleen  Sullivan  (Colorado  State  Representative) , 
James  Watt  (Secretary  of  the  Interior) ,  Timothy  Wirth 
(Congressman-CO) ,  Bob  Yuhnke  (Environmental  Defense 
Fund),  and  others. 
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Course  7000.1 
Instructor:   Huff 


MANAGER  -  SPECIALIST  PANEL 
Objectives 

1.  Identify  common  communication  barriers  between  specialists/ 
professionals  and  their  managers  -  and  to  be  able  to  do  something 
about  it. 

2.  Identify  common  elements  of  an  "ideal"  soil  and  water  program,  and 
how  to  move  from  "today"  to  ideal. 

3.  Identify  common  perceptions  of  "professional  behavior,"  and  how  to 
behave  in  a  "professional  manner." 

Panel  Members 

Thomas  J.Allen,  Associate  State  Director,  Arizona 

Ben  F.  Collins,  District  Manager,  Las  Vegas 

John  A.  Kwlatkowski,  Deputy  State  Director,  Lands  and 

Renewable  Resources,  Montana 
Robert  D.  Roudabush,  Area  Manager,  Vermillion  RA 

Moderator:   Dick  Huff,  Colorado  State  Office 
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Topic  Outline 

A.  The  soil  and  water  program  -  results  of  the  participant  questioanalre 
Briefing  and  clarification/consensus  seeking  format 

1:00  p.m. 

1.  Elements  of  an  ideal  program 

2.  Today's  program 

3.  Ways  to  move  from  today  to  ideal 

B.  Specialist /manager  communications  -  results  of  Course  7000-3 
participant  questionnaire 

1;20  p.m. 

1.  Problem  solving  and  roles 

2.  Multiple-use  awareness  and  values 

3.  Interpersonal  skills 

4.  Speaking  and  writing  skills 

C.  Professionalism  and  discretionary  effort  (and  organization  culture) 
1;40  p.m. 

Lecture /Discussion  Format 

1.  Phenomena  of  "discretionary  effort"  in  professional  jobs 

2.  The  "professionally  motivating"  climate 

3.  Is  "professional  behavior"  a  social  or  a  technical  question? 

4.  Disdain  for  policy,  standards  and  adminis trivia 

5.  What  does  a  BLM  professional  look  like? 

6.  Autonomy  of,  and  control  over,  professioncils 

7.  Power  and  influence  of  professionals 

8.  Norms  and  shared  values  of  a  professional  community  v.  a  community 
of  managers 

9.  Professionalism  as  a  self-concept 

10.  Zealots,  idealists  and  realists 

D.  Panel  presentations 

Lecture/Discussion  Format 

2;00  p.m. 

Opening  comments  by  each  panel  member  of  10  min.  duration  each. 

Topics  to  be  covered  are: 

(The  order  of  sub-topics  is  the  speaker's  discretion) 

1.   Suggestions  for  enhancing  communication  between  specialists  and 
managers,  with  respect  to: 

a.  multiple-use  decisionmaking  values 

b.  interpersonal  expectations 

c.  problem-solving  methodology 

d.  speaking  and  writing  competencies 
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2.  Professional  behavior  expectations: 

a.  What's  ok  and  not  ok? 

b.  What  does  a  "professional"  look  like? 

c.  Suggestions  for  enhancing  professional  immage 

3.  Soil  and  water  program  expectations: 

a.  What  does  a  "good"  program  look  like? 

b.  What  does  the  program  look  like  today? 

c.  Suggestions  for  enhancing  the  program 

2:30  p.m.  -  Break 

E.  Interaction  with  the  manager  panel 

3:00  p.m.  -  Facilitated  panel  discussion  format 

F.  Program  Summary 
4:00  p.m. 

Briefing/ Clarification/Discussion  Format 

I  will  be  recording  the  salient  points  of  the  panel  presentations  and 
ensuing  discussion  and  will  review  these  with  the  group  for  the 
purpose  of  having  an  "end  product"  with  the  following  2  parts: 

1.  "Ideal"  soil  and  water  program,  where  program  is  "today,"  and  how 
to  get  to  the  ideal. 

2.  Summary  of  dialog  about  communications  and  professionalism,  and 
recommendations  for  what  to  do  "back  home . " 

Parting  comments  by  panel  members  and  course  director  (Jackson) . 


Introduction:  Richard  M.  Huff 

Organization  Development  Specialist 
Colorado  State  Office 

For:  Bureauwide  Soil  and  Water  Training  Course  (7000-1) 

Phoenix  Training  Center,  April  21 -May  2,  1986 

My  current  practice  since  1980  centers  on  communication  and 
decisionmaking  processes,  the  dynamics  of  organizational  change,  and 
leadership  development.  My  preferred  method  of  aiding  managers  and 
employees  in  accomplishing  organizational  and  individual  goals  is  a  team- 
building  format  with  natural  work  groups.   I  believe  that  real  and 
lasting  change  takes  hard  work,  more  time  than  expected,  and  a  certain 
degree  of  pain.  I  value  the  behavior  of  a  leader  over  that  of  a  process 
manager  and  I  value  the  behavior  of  individuals  with  a  mature  knowledge 
of  self.  My  bottom-line  goal  is  to  improve  the  interpersonal  and 
organizational  conflict  managing  behavior  of  a  multiple-use  (multiple 
conflict)  Bureau. 

My  past-life  background  is  as  a  Forester  for  U.S.  Forest  Service  (USFS) 
and  Bureau  of  Land  Management  (BLM),  in  Montana,  Idaho,  and  Western  and 
Eastern  Oregon,  from  1959-1969. 

My  current-life  background  began  with  Interior's  Departmental  Management 
Training  Program  and  has  encompassed  Management  and  Program  Analysis, 
Training  and  Employee  Development,  a  myriad  of  interrelated  Administrative 
functions,  and  lastly  in  the  area  I  enjoy  the  most-Organization 
Development . 

My  educational  associations  have  been  with  the  University  of  Minnesota, 
Oregon  State  University,  George  Washington  University,  and  the  University 
of  Northern  Colorado.  My  graduate  specialty  is  Organization  Behavior. 

My  military  past-life  is  with  the  11th  and  82nd  Airborne  Divisions  and 
the  5th  and  19th  Special  Forces  Groups. 

I  am  an  avid  gardener,  bushwhacking  backpacker  and  the  father  of  one  24 
year  old  son,  and  3  daughters  age  21,  19,  and  17. 

Richard  M.  Huff 

Organization  Development  Specialist 

Bureau  of  Land  Management 

Colorado  State  Office 

Denver,  Colorado  80202 

FTS  564-7094 

Comm.  (303)  294-7094 
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Professionalism,  Discretionary  Effort,  and  Organization  Culture 

Discussion  Outline 

Bureau  Course  7000-1 

Phoenix  Training  Center 

May  1,  1986 
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1.   Discretionary  Effort 

The  words  identify  a  concept  which  points  out  the  difference  between 
the  maximum  amount  of  effort  and  care  a  professional  individual  could 
bring  to  the  job,  and  the  minimum  amount  of  effort  required  to  avoid 
being  penalized  or  fined.   In  short,  it  is  that  portion  of  one's  work 
effort  over  which  the  individual  has  the  greatest  control. 

A.  Some   Emerging   "Truth" 

1.  The  amount  of  discretionary  effort  permissable  in  job 
structures  has  greatly  increased  in  the  past  ten  years. 

2.  Due  to  a  widespread  "commitment  gap,"  many  high-discretion 
professionals  are,  by  their  own  admission,  holding  back 
effort  from  their  jobs,  giving  less  than  they  are  capable 
of  giving,  and  less  than  they  are,  in  principle,  willing  to 
give. 

3.  There  is  widespread  "conventional  wisdom"  that  attributes 
this  gap  to  a  failure  in  the  American  "work  ethic." 

4.  This  commitment  gap  surfaces  at  a  time  when  American  is 
struggling  to  maintain  economic  viability. 

B.  Some  Conclusions 

1.  It  is  unlikely  that  the  U.S.  can  revive  its  economic 
vitality  without  addressing  the  conunitment  gap  among  the 
community  of  technical  professions. 

2.  The  conventional  wisdom  of  a  deteriorating  work  ethic  among 
professionals  is  badly  off-target.   The  work  ethic  is  strong 
and  may  Indeed  be  growing  stronger. 

3.  The  real  cause  lies  not  with  new  cultural  values  or  erosion 
of  a  work  ethic  entirely,  but  rather  with  a  striking  failure 
of  managers  to  support  and  reinforce  a  professionally 
motivating  climate. 
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I  feel  that  this  Is  an  area  which  has  important  and  direct 
implication  for  how  the  Bureau  manages  its'  professional 
workforce.  What  de-motivator's  are  likely  to  generate  a 
"commitment  gap"  among  technical  professionals  in  the 
Bureau  of  Land  Management  (BLM) ,  and  what  can  we  change  to 
enhance  productivity?  With  this  rather  easily  understood 
concept  we  can  begin,  at  every  level,  and  with  all 
employees,  to  find  practical  solutions. 

II.   Professional  Motivating  Climate,  or  Culture 

I  include  these  two  words,  climate  and  culture,  in  the  subtitle, 
because  I  believe  strongly  that  they  are  largely  synonymous.   I 
believe  that  the  "climate"  of  any  organization  and  of  its  myriad 
substructures  is  a  function  of  what  people  believe  and  how  they 
behave  in  response  to  their  beliefs.   This  also  is  the  prevailing 
definition  of  organization  culture.   "The  Way  Things  Are  Around 
Here,"  again  synonymous  with  "culture,"  is  the  ultimate  determiner 
of  task,  structure,  and  strategy.   The  "climate,"  or  "culture" 
is  how  we  define  our  jobs,  what  goals  we  set  and  how  we  set  them, 
how  we  relate  to  our  publics,  how  we  make  decisions,  how  we 
organize,  coordinate,  and  communicate,  how  we  allocate  scarce 
resources  and  so  on.   These  are  all  reflections  of  our  shared  or 
conflicting  values,  bias  and  assumptions,  which  determine  how  we 
cope,  adapt  and  talk  to  each  other. 

A.   Climate  Motivators  and  De-Motivators 


The  following  exhibit  displays  the  primary  factors  to  consider 
in  striving  for  a  job  climate  which  would  be  professionally 
motivating. 


Tacton  chiracteiizing  1,S44  events  on  the  job  that  led  to 
extreme  dissatisi action 

Percentage  frequency 

50%  40  30  20  10 


Company  policy  and  administration 


Supervision 


Relationship  with 


Work 


supervisor 


conditioiu 


Salary 


Relationship  with  peers 


Personal  life 


Factors  characterizing  1,753  events  on  the  job  that  led  to 
extreme  satisfacnon 

Percentage  frequency 
10 20  30  40  50% 


Achievement  — 
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Others  which  are  not  included  in  this  particular  set  of  studies, 
but  which  are  immensley  significant  are: 

1.  Opporunities  for  internal  professional  peer  association 
(communication) . 

2.  Opportunities  for  external  professional  peer  association 
(societies,  access  to  Journals). 

3.  Efforts  by  the  employer  to  "sound  off"  about  the 
professional  competence  of  its'  technical  workforce 
(tub  thumping) . 

Horizontal  Job  Loading  (De-Motivating,  but  well  intent ioned 
actions). 


1.  Challenging  employees  to  produce  more  "widgets." 
(Zero  times  zero  =  zero) 

2.  Adding  meaningless,  routine,  and  tasks. 
(Zero  plus  zero  =  zero) 

3.  Rotating  assignments  in  a  number  of  equally  mundane  jobs. 
(Substitute  one  zero  for  another  zero) 

4.  Removing  difficult  tasks  to  free  time  for  more  but  less 
challenging  tasks.   (Subtraction  in  the  hope  of  achieving 
addition) 

Vertical  Job  Loading  (Motivators  most  of  the  time) 

Action  Motivator 


1.  Remove  some  controls, 
retain  accountability. 


Responsibility, 
Personal  Achievement . 


2.   Increasing  accountability 
for  own  work. 


Responsibility, 
Recognition 


3.  Assigning  complete, 
natural  units  of  work, 


Responsibility, 
Recognition 


4.  Additional  authority 
and  job  freedom. 


Responsibility, 
Achievement , 
Recognition 


5.  All  information  directly  to 
employee  rather  than  down  a 
chain  of  supervisors. 


Recognition 


6.   New  and  more  difficult  tasks. 


Growth  and  Learning 


7.  Assigning  specific,  specialized 
tasks. 


Responsibility , 
Growth,  Achievement 
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III.  Professional  Behavior. 

''  It  Is  becoming  more  evident  that  so-called  "professional  behavior" 

has  less  to  do  with  technical  norms  for  method  and  technique  than 
with  social  norms  of  the  culture  such  as  how  to  dress,  how  to  talk, 
and  so  on,  as  well  as  what  degree  of  dissidence  over  policy  and 
practice  are  permissible  internally  or  externally.  There  is  no  well 
understood  set  of  expectations  in  the  Bureau  that  are  regularly,  and 
openly  articulated. 

IV.  Autonomy,  Control,  Power,  and  Influence. 

Some  goals  seem  to  be  diametrically  opposed.  To  grant  greater 
autonomy  to  a  profession  is  to  run  the  risk,  of  the  manager  losing 
control,  setting  up  a  classic  struggle  for  power  and  influence  in 
the  organization.   Strong  disciplinary  affiliations  among 
professions  can  indeed  foster  goal  driven  behavior  not  in  the 
interest  of  the  organizations  mission. 

The  challenge  for  the  professional  manager  is  to  redefine  expecta- 
tions of  "control"  and  controlling  behavior.   The  key  point  is 
coordinating,  not  controlling.  The  behavioral  expectation  is  to  . 
understand  and  coordinate  the  nature  of  the  work,  but  not  to 
control  specific  activities. 

Values  frequently  clash  over  administrative  requirements  and 
k  measurement  of  performance.  The  professional  excellence  of  both 

the  manager  and  the  technician  can  be  measured  by  their  ability  to 
productively  resolve  these  types  of  conflicts. 

V.  How  It  All  Plays  Out. 

Professionalism  is,  in  large  part,  a  self-concept  irrespective  of 
climate  or  other  factors.   Some  GS-3  Clerk-Typists  have  an  easily 
visible  aura  of  professionalism,  and  some  GS-13  Technical 
Professionals  are  immature  in  the  extreme.   So,  we  now  introduce  the 
notion  of  personal  maturity  to  the  concept  of  professionalism.  Our 
self-concept  is  the  script  we  follow  in  our  professional  lives. 

The  bottom  line  is  that  it  may  be  unimportant  whether  or  not  a 
particular  occupational  specialty  is  a  "true"  profession  or  not, 
but  rather  how  the  individual  views  him  or  herself  and  is  treated 
by  peers  and  supervisors.   The  question  then  reduces  to  whether 
or  not  the  work  is  carried  out  "in  a  professional  manner"  -  a  far 
more  valid  and  meaningful  measurement. 
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DATA  TABULATION  -  PART  I 

Bureauwide  training  course  7000-7 ,  May  and  December  1983  and  December 
1984;  Watershed  Rehabilitation,  Phoenix  Training  Center 

Pre-Training  Survey  of  Attendees 


A.  What  is  unclear  about  your  manager's  Information  needs? 

No.  of 

Responses    CN=72) 

3  -  Everything  is  unclear. 

2  -  Manager's  technical  background  is  unclear. 

12  -  The  level  of  detail  needed  is  unclear. 

11  -  My  manager's  needs  are  clear. 

2  -  I  don't  know,  I  don't  get  any  feedback. 

5  -  The  needs  vary  a  lot,  hard  to  keep  clear. 

2  -  Information  needs  on  geologic  vs.  accelerated  erosion. 
1  -  Information  needs  about  stream  barriers. 

3  -  Information  needs  for  manager's  goals. 

1  -  Issue  is  convincing  managers  that  information  is  essential. 

1  -  Information  needs  about  inventories. 

1  -  Information  needs  about  vegetative  manipulation. 

2  -  The  manager  doesn't  want  any  information. 

1  -  I  don't  know,  I  have  never  asked  the  question. 

3  -  What  benefit/cost  data  are  needed. 

2  -  Information  needs  about  applicable  laws  and  Bureau  policy. 

3  -  Information  needs  about  political  values. 
1  -  Role  of  BLM,  OSM,  MLRB,  and  industry. 

1  -  Will  we  adhere  to  guidelines  or  not. 

1  -  Information  needs  about  effects  on  fisheries. 

3  -  What  is  the  manager's  real  interest  level. 

1  -  Issue  may  be  my  own  lack  of  expertise. 

1  -  How  to  display  work  accomplishments. 

1  -  Information  needs  about  effects  of  drilling,  mining,  and 

construction. 

8  -  No  response  to  this  question. 


B.  What  are  the  major  communication  barriers  with  your  manager? 

No.  of 

Responses  (N"72) 

10  -  Lack  of  management  interest. 

2  "   Communications  incompetence  of  managers. 

4  -  Technical  incompetence  of  managers. 

16  -  Lack  of  technical  background  of  managers. 


/*^ 
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8  -  Predetermined  courses  of  action  by  managers. 

1  -  Most  barriers  are  between  divisions  and  areas. 
6  -  Level  of  detail  needed. 

2  -  Rarely  have  any  problems. 

2  -  My  technical  competence. 
4  -  My  briefing  skills. 

1  -  Political  influences. 

3  -  My  communications  skills. 

4  -  Technical  jargon. 

2  -  The  search  for  specific  yes  or  no  answers  in  grey  areas. 

2  -  Lack  of  a  multiple-use  concept  by  many  managers. 

3  -  No  response  to  this  question. 


C.  What  is  unclear  about  the  decisionmaking  role  and  process  of  your 
manager? 

No.  of 

Responses  (N=72) 

17  -  I  am  clear  on  the  role  of  my  manager. 

2  -  Who  decides  about  negative  impacts? 

1  -  Who  decides  about  support  of  best  management  practices 

(BMP's)? 

2  -  Whose  values  really  affect  decisions? 

12  -  I  cannot  tell  where  politics  and/or  values  enter. 

1  -  Everything  is  unclear. 

4  -  Is  it  his  decision  or  the  decision  of  his  boss? 

1  -  The  role  of  BLM  is  unclear. 

4  -  Role  is  clear,  but  won't  make  a  decision. 

5  -  I  am  unclear  about  the  support  I  can  expect. 

1  -  What  forces  are  involved? 

2  -  How  users  can  get  decisions  changed. 

2  -  How  manager  can  ignore  watershed  concerns. 

1  -  How  resource  interrelationships  are  handled. 

1  -  How  can  managers  make  decisions  without  data? 

2  -  How  impartial  can  the  manager  be? 
1  -  Unclear  on  weight  given  to  cost. 

1  -  Not  sure  where  all  his  input  comes  from. 

1  -  How  they  can  use  watershed  funds  for  non-watershed 

projects. 

2  -  There  seems  to  be  no  accountability. 
9  -  No  response  to  this  question. 


D. 

What 

would 

No. 

of 

Res 

iponses 

ou  like  to  do  better  in  communicating  with  managers? 


(N-72) 

8        -  Describe  problems  relative  to  degree  to  impact. 
2        -  Describe  data  from  inventories  and  research. 


1 

3 
2 
4 
6 
8 
5 
7 
1 
1 
11 
5 
4 
2 
2 


-  Relationship  of  data  to  clean  water  laws. 

-  Provide  recommendations  for  mitigating  impacts. 

-  How  hydrological  concepts  are  interrelated. 

-  How  the  data  fit  into  decisionmaking  processes. 

-  Provide  understandable  data. 

-  Find  out  what  the  manager  wants. 

-  Convey  the  importance  of  hydrologic  analysis. 

-  Be  more  precise  in  expressing  opinions. 

-  Tell  manager  what  my  goals  are  and  my  expertise. 

-  Prepare  displays  of  progress  and  accomplishments. 

-  Develop  and  present  alternatives. 

-  Be  more  persuasive  and  convincing. 

-  Basic,  easy-to-use,  valid,  predictive  models. 

-  A  watershed  workshop  won't  help. 

-  No  response  to  this  question. 


DATA  TABULATION  -  PART  II 

Bureauwide  course  7000-7,  May  and  December  1983  and  December  1984; 
Watershed  Rehabilitation,  Phoenix  Training  Center. 


Pre-Training  Survey  of  Attendees 


A.  Relative  Seriousness,  manager  being  unclear  on  technical  data  needs: 
No.  of 


Responses 


(N-72) 


9 
23 
19 
10 

11 


-  Serious  Problem 

-  Often  a  problem 

-  Seldom  a  problem 

-  No  problem 

-  No  response 


COMMENTS : 


No.  of 
Responses 

2 
4 
2 
3 
2 
1 
1 


CN»72) 

-  Manager  doesn't  want  the  facts. 

*~  Manager  is  sometimes  too  impatient  to  collect  data. 

-  So  far  this  is  no  problem. 

-  Input  accepted  only  because  required  by  policy. 

-  We  have  to  continually  re justify  data  gathering. 

-  We  don't  provide  enough  site-specific  data. 

-  Manager  feels  studies  are  non-productive. 


r 


3 

2 

2 

50 


-  Manager  has  no  commitment  to  watershed  management 

-  Manager  has  no  idea  how  to  use  the  data. 

-  Decisions  are  pre-determined,  why  bother? 

-  No  comment. 


B,  Relative  seriousness,  manager  unclear  of  format  for  displaying  and 
discussing  alternatives. 


No.  of 
Responses 

5 
13 
31 
10 
13 


(N=72) 

-  Serious  problem 

-  Often  a  problem 

-  Seldom  a  problem 

-  No  problem 

-  No  response 


COMMENTS : 


No.  of 
Responses 

3 
6 

1 

1 

61 


(N»72) 

-  Manager  doesn't  want  to  discuss  alternatives. 

-  Have  had  no  trouble  with  pros  and  cons. 

-  We  use  the  RMP  format. 

-  Should  activity  plan  precede  RMP? 

-  No  comment . 


C.  Relative  seriousness,  predetermined  point  of  view  of  manager; 
No.  of 


Responses 

15 
21 

9 

9 
18 

COMMENTS : 


(N-72) 

-  Serious  problem 

-  Often  a  problem 

-  Seldom  a  problem 

-  No  problem 

-  No  response 


No.  of 
Responses 

3 
2 
3 

1 
3 


(N-72) 

-  Usually  politically  or  budget  driven. 

-  Not  resistance  —  outright  rejection. 

-  Usually  open  to  all  points  of  view. 

-  Some  specialists  have  oversold  the  program, 

-  Seldom  open  to  new  ideas. 


3 

1 

56 


-  At  times  the  decision  has  already  been  made. 

-  "Dominant"  programs  overshadow  watershed. 

-  No  comment. 


D.  Relative  seriousness,  manager  insensitive  to  emotional  needs 
in  communication. 


No.  of 
Responses 

3 

14 
29 
11 
15 


(N«72) 

-  Serious  problem 

-  Often  a  problem 

-  Seldom  a  problem 

-  No  problem 

-  No  response 


COMMENTS : 


No.  of 
Responses 


(N-72) 


1 

4 

1 

66 


-  Haven't  had  a  problem. 

-  Sometimes  is  "phony";  not  really  included. 

-  Usually  listens  attentively. 

-  No  comment. 


E.   Relative  seriousness.  Manager  not  clear  on  briefing  format  needs 
and  desires. 

No.  of 


Responses 

(N»72) 

3 

-  Serious  problem 

6 

-  Often  a  problem 

29 

-  Seldom  a  problem 

21 

-  No  problem 

13 

-  No  response 

COMMENTS : 


No.  of 
Responses 

1 

2 

3 

66 


(N-72) 

-  RMP  format  needs  consistency. 

-  No  real  awareness  of  briefing  techniques  in  our  office. 

-  Most  managers  don't  seem  to  care. 

-  No  comment. 


F.  Relative  seriousness.  Manager  providing  adequate  information  on 
influence  of  outside  pressures. 


No.  of 
Responses 


(N=72) 


4 
18 
21 

9 
20 


-  Serious  problem 

-  Often  a  problem 

-  Seldom  a  problem 

-  No  problem 
-No  response 


COMMENTS ; 


No.  of 
Responses 

1 

1 

70 


(N=72) 

-  This  is  a  major  stumbling  block. 

-  Time  available  is  most  often  the  problem, 

-  No  comment. 


G.   Relative  seriousness.  Manager  doesn*  t  understand  the  complexity 
if  the  specialist  role. 


No.  of 
Responses 


(N-72) 


13 
25 
8 
10 
16 


-  Serious  problem 

-  Often  a  problem 

-  Seldom  a  problem 

-  No  problem 

-  No  response 


COMMENTS 


No.  of 
Responses 


(N=72) 


2 
3 
6 

3 

1 
1 
1 
3 
50 


-  Becomes  obvious  at  PIPR  review  time. 

-  Manager  takes  differenfes  in  opinion  personally. 

-  Manager  not  really  interested. 

-  I  am  perceived  as  an  adversary. 

-  Has  not  been  a  serious  problem  with  good  communication. 

-  We  keep  losing  positions  in  SWA  program. 

-  Manager  wants  quick  and  easy  solutions  only. 

-  Manager  cannot  relate  to  complexity  of  water  issues. 

-  No  comment. 


DATA  TABULATION  -  PART  III 

Bureauwide  Trainiug  Course  7000-7,  May  and  December  1983,  and  December 
1984;  Watershed  Rehabilitation;  Phoenix  Training  Center. 

Pre-Trainiag  Survey  of  Attendees: 
Question;   Do  you  have  any  other  comments? 


No.  of 

Responses  (N=72) 

1  -  We  lack  direction  in  the  S&W  program. 

2  -  Inventory  funding  is  inadequate. 

1  -  There  is  no  consistency  in  enforcing  3809  regulations. 

1  -  We  have  done  a  lot  in  the  past  5  years. 

5  -  Communications  (lack  of)  is  the  real  issue. 

1  -  Best  managers  make  decisions  based  on  resource  needs. 

1  -  Poor  managers  make  purely  political  decisions. 

3  -  We  don't  spend  our  4341  money  wisely. 
57  -  No  response  to  this  question. 


DATA  TABULATION  -  PART  IV 

Bureauwide  course  7000-7,  May  and  December  1983  and  December  1984, 
Watershed  Rehabilitation,  Phoenix  Training  Center. 

Pre-Training  Survey  of  Managers 

A.   In  your  situation,  are  you  more  of  a  decisionmaker  regarding  watershed 
issues,  or  are  you  an  influencer  of  other  decisionmakers? 

No.  of 

Responses      CN"73) 

5         -  Realistically,  all  decisionmakers  are  influencers  and 
are  in  turn  influenced.   I  am  both. 

30  -  Primarily  an  influencer  of  other  decisionmakers. 

31  -  Primarily  a  decisionmaker. 

1         -  Line  managers  are  the  decisionmakers — Internally,  the 
staff  are  influencers. 

1         -  This  may  depend  on  the  controversial  nature  or  scope. 

1         -  Managers  articulate  policy  to  staffs  who  make  recommen- 
dations for  decisions. 

4         -  No  response  to  this  question. 


(! 


B.  What  are  the  major  communication  barriers  with  your  specialist(s)? 

No.  of 

Responses  CN=73) 

7  -  Complexity  of  the  terminology. 

21  -  Inability  of  specialist  to  present  results  of  analysis 
in  non-technical  fashion. 

6  -  Influence  of  political  pressure. 

7  -  Specialist's  skill  and  knowledge  in  communications. 
9  -  Specialist's  ability  to  "sell"  the  program. 

2  -  Specialist's  ability  to  display  the  background  material. 

2  -  Specialist's  ability  to  quantify  predicted  losses. 

5  -  Specialist's  ability  to  organize  a  presentation. 

1  -  Physical  distances  between  offices. 

1  -  Turnover  and  continual  policy  changes. 

1  -  Mixed-up  organizational  roles. 

5  -  Specialist's  unwillingness  to  accept  decisions. 

11  -  No  response  to  this  question. 


C.  What  would  you  like  resource  specialists  to  understand  about  your 
decisionmaking  role  and  process? 

No.  of 

Responses      (N=73) 

12  -  Decisions  are  seldom  about  single  actions,  but  are  series 

of  actions  over  time  and  influenced  by  many  outside 
factions. 
11        -  Realize  that  tradeoffs  are  made  involving  nximerous 
resource  values. 

13  -  The  need  to  understand  relationships  with  other  resources 

and  the  social  and  political  impacts. 
1        -  Quality  decisions  are  directly  related  to  quality  staff 
input . 

3  -  They  have  to  push — not  wait  for  someone  to  point  out 

their  problems  for  them. 
1        -  They  make  recommendations  and  managers  make  decisions. 
1        -  There  is  a  need  to  have  greater  awareness  of 

admini  s  t  ra  t  i  ve  c  ommi  tmen t  s . 

4  -  Policy,  political,  and  budget  constraints  affect 

decisions. 

1  -  One  speciality  is  seldom  a  controlling  factor. 

2  -  There  are  numerous  sides  to  any  issue. 

1  -  Not  all  recommendations  will  be  accepted. 

2  -  What  is  "best"  may  not  be  attainable. 
1        -  Not  all  managers  are  inept. 

1  -  That  nothing  beats  timely  communication. 

2  ->  Data  has  to  be  simplified. 
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5        -  Leam  how  to  summarize  data  to  plain-talk  style. 
1        -  Display  alternatives  accurately. 

3        -  Keep  data  base  objective  and  leave  subjective  opinions 
out. 

1  -  A  real  need  for  completed  staff  work. 

2  -  Do  their  homework  and  present  the  best  case,  then  support 

manager's  decision. 
5        -  No  response  to  this  question. 

D.  As  a  result  of  this  workshop,  what  is  one  improvement  you  would  like 
to  see  in  the  nature  of  communication  with  specialists? 

No.  of 

Responses      (N*73) 

6  -  The  specialist  needs  to  provide  sound  data  even  if 

he/she  does  not  approve  of  political  or  public  pressure 
influences. 

1  -  A  clearer  definition  of  watershed  program  goals  in 

relation  to  overall  resource  management. 

2  -  Prepare  less  technical  presentations. 

3  -  An  understanding  that  hydrology  is  not  a  world  unto 

itself. 
1         -  Be  more  sensitive  to  necessary  time  frames. 
3         -  Make  transition  from  total  advocacy  to  multiple-use 

concept. 
5         -  Recognize  their  staff  role  and  support  decisions. 
1         -  Be  sensitive  to  timing  and  reality  of  political  and 

public  pressures. 

7  -  How  to  show  what  problems  exist  and  how  to  solve  them. 
1         -  Be  sensitive  to  other  priorities. 

3  -  Avoid  using  meaningless,  broad  statements. 

1  -  Leam  how  to  display  "degree  of  risk." 

3  -  Need  to  be  familiar  with  other  resources  also. 

5  -  Involve  management  early  in  their  discussions. 

6  -  A  greater  appreciation  for  multiple-use  decisions. 
1  -  Provide  better  analysis  with  mitigations  of  more 

consumptive  uses. 
1         -  An  appreciation  of  the  budget  process. 
3         -  Offer  alternatives. 
5         -  More  complete  multi-disciplinary  staff  work. 

1  -  Display  proven  field  experiences — not  just  academic 

theory. 
3         -  Ability  to  openly  discuss  conflicts. 

2  -  Be  more  assertive — not  so  much  "poor  me." 
9         -  No  responses  to  this  question. 


E,  What  information  do  you  need  from  Resource  Specialists  to 
facilitate  effective  decisionmaking » 

No.  of 

Responses      (N=73) 

2  -  Expand  my  understanding  of  hydrologic  processes. 

1         -  Specialist  needs  to  understand  contract  administration 

and  project  layout. 
1         -  What  is  condition  of  the  resource,  problem  areas, 

priority  of  treatment,  impact  of  available  alternatives. 
6         -  The  problem,  the  magnitude,  and  alternatives. 
1         -  Feasibility  of  project  plans. 
1         -  AWP  commitments,  funding,  progress,  purpose,  need, 

and  options. 
8         -  Keep  me  informed  and  current. 
12         -  Specific  recommendations  with  sound  rationale. 
1         -  Research  and  studies  add  little  to  my  decisionmaking. 
1         -  Limiting  factors. 

1         -  Most  effective  and  effecient  methods. 
1         -  Water  quality  and  quantity,  structures,  off-site 

benefits. 
5         -  Alternatives  and  sensitive  and  unusual  cases. 
1         -  Information  needed  to  make  decisions.   Some  data  takes 

time  to  gather.   This  is  OK  as  long  as  the  plan  is  OK. 

3  -  Feedback  on  what  is  going  on. 

1  -  Need  current  law,  regulations,  and  policy. 

1  -  Input  to  coordinated  resource  management  plans. 

1  -  Water  rights  and  vegetative  conversion. 

A  -  Conflicts,  agreements,  inventories,  and  problems. 

21  -  No  response  to  this  question. 


DATA  TABULATION  -  PART  V 

Bureauwide  course  7000-7,  May  and  December  1983  and  December  1984, 
Watershed  Rehabilitation,  Phoenix  Training  Center 

Pre-Training  Survey  of  Managers 

A.  Relative  seriousness,  specialist  presents  information  that  is  too 
technical. 

No.  of 

Responses      (N"73) 

2  -  Serious  problem 
25  -  Often  a  problem 
41         -  Seldom  a  problem 

3  -  No  problem 
2         -  No  response 
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COMMENTS : 


No.  of 


Responses  (N=73) 

1  -  Some  technical  jargon  is  necessary. 

1  -  Varies  with  specialists. 

1  -  Mainly  with  hydrology  in  test  well  contracts. 
5  -  I  don't  have  time  to  digest  technical  jargon. 

2  -  Specialists  only  think  they  are  too  technical. 

1  -  Explain  some  of  the  terminology  in  written  reports. 

3  -  Explain  soils  nomenclature. 

1  -  Mostly  not  applicable  to  the  situation. 

1  -  Mostly  with  EIS's. 

1  -  Design  EA's  and  summaries  for  laymen. 

1  -  Doesn't  fit  into  total  district  operation. 

1  -  Most  specialists  do  a  good  job. 

54  -  No  comment. 


B.  Relative  seriousness,  specialist  does  not  use  a   good  format  for 
displaying  and  discussing  atlematives. 

No.  of 

Responses  (N*73) 

5  -  Serious  problem 

43  -  Often  a  problem 

21  -  Seldom  a  problem 

2  -  No  response 

COMMENTS: 

No.  of 

Responses  (N'=73) 

5  -  Too  often  is  a  single  approach  for  all  problems. 

2  -  Often  because  of  a  lack  of  time. 

1  -  Does  it,  but  doesn't  provide  to  decisionmaker. 

2  -  I  ask  for  alternatives. 

3  -  Often  specialists  fail  to  consider  possible  alternatives. 

3  -  Too  subjective. 

2  -  Specialists  have  little  field  experience. 

1  -  Common  for  specialists  in  narrow  field. 

1  -  Incomplete  staff  work. 

4  -  Specialists  strive  to  be  decisionmakers. 
49  -  No  comment. 
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C.  Relative  seriousness,  specialist  predetermined  point  of  view, 
No.  of 


Responses 

6 

42 
20 

3 

2 

COMMENTS : 


(N=72) 

-  Serious  problem 

-  Often  a  problem 

-  Seldom  a  problem 

-  No  problem 

-  No  response 


No.  of 
Responses 

1 

4 

10 


58 


CN=73) 

-  Big  problem  when  defenslveness  takes  over. 

-  Specialists  need  to  be  better  team  members. 

-  Same  comments  as  In  "B"  relative  to  few,  If  any, 
practical  alternatives. 

-  No  comment. 


D,  Relative  seriousness,  specialist  Insensitive  to  emotional  needs 
In  communication. 


No.  of 
Responses 

5 
15 
40 

8 

5 


(N=73) 

-  Serious  problem 

-  Often  a  problem 

-  Seldom  a  problem 

-  No  problem 

-  No  response 


COMMENTS : 


No.  of 
Responses 

6 
2 

65 


(N-73) 

-  Some  specialists  persist  in  tunnel  vision. 

-  They  need  to  try  walking  in  another's  shoes. 

-  No  comment. 
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E.  Relative  seriousness,  specialist  not  skilled  in  briefing  techniques. 

No.  of 

Responses  (N=73) 

3  -  Serious  problem 

24  -  Often  a  problem 

36  -  Seldom  a  problem 

8  -  No  problem 

2  -  No  response 

COMMENTS : 

No.  of 

Responses  CN"73) 

1  -  Photography  is  usually  available. 

2  -  Time  may  be  more  of  a  problem  than  skill. 

1  -  Poor  pre-planning  by  specialist  and  manager. 

2  -  A  picture  is  worth  a  thousand  arguments. 

2  -  Improve  quality  of  visual  aids,  not  quantity. 

1  -  Watershed  program  is  no  longer  action-oriented. 

2  -  If  data  could  be  displayed  quickly  and  accurately  it 

would  help. 

1  -  Too  much  detail. 

2  -  Transfer  of  ideas  is  easier  if  done  graphically. 
1  -  Anything  is  ok  as  long  as  it  is  understandable. 

38  -  No  comment. 


F.  Relative  seriousness,  specialist  does  not  provide  adequate 
arguments  to  use  in  multiple  use/ political  conflicts. 

No.  of 

Responses      (N^TS) 

2  -  Serious  problem 
33  -  Often  a  problem 
29         -  Seldom  a  problem 

6         -  No  problem 

3  -  No  response 


COMMENTS : 
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No.  of 

Responses  (N=73) 

1  -  Usually  a  cost-to-significance  analysis  is  missing. 

3  -  Absence  of  predicting  consequences. 

2  -  Problems  should  be  worked  out  in  advance. 

1  -  Power/ political  conflicts  seldom  relate  to  hydrologic 
data. 

4  -  This  is  incomplete  staff  work. 

1  -  This  is  the  managers  responsibility. 

47  -  No  comment. 


G,  Relative  seriousness,  specialist  doesn' t  understand  my  decision- 
making process/role. 

No.  of 

Responses      (N=73) 

6  -  Serious  problem 

36  -  Often  a  problem 

25  -  Seldom  a  problem 

4  -  No  problem 

2  -  No  response 

COMMENTS : 


No.  of 

Responses  (N"73) 

5  -  Specialists  need  to  understand  the  delicate  balance. 

7  -  Some  specialists  do  not  support  decisions  when  made. 

4  -  Specialists  need  to  understand  the  interdependence  of 

activity  budgets. 

3  -  Managers  must  communicate  rationale  for  decisions. 

54  -  No  comment. 


DATA  TABULATION  PART  VI 

Bureauwide  Training  Course  7000-7,  May  and  December  1983,  and  December 
1984  Watershed  Rehabilitation,  Phoenix  Training  Center. 

Pre-Training  Survey  of  Managers 

Other  Comments  by  Managers; 
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No.  of  Responses      (N=73) 

4  -  Briefing  techniques  and  aids  are  very  Important 
3  -  Problem  solving  skill  is  essential 

1  -  Communicate,  don't  "snow" 

1  -  Always  try  to  see  the  "big  picture" 

1  -  Specialists  need  to  understand  the  budget  process 

5  -  BLM  has  a  lot  of  excellent  specialists 

3  -  BLM  needs  to  resurrect  a  field-oriented  S&W 

program 

1  -  Cannot  put  enough  emphasis  on  communications 

2  -  Need  conflict  resolution  and  group  facilitation 

skills 
2  -  Needs  training  in  rehab  plans  and  activity  plans 

1  -  Managers  need  ability  to  teach  quality  staff  work 

2  -  Teach  specialists  what  completed  staff  work 

consist  of 
47  -  No  response 


> 


> 
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Section  B 


Data  Summary 
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DATA  SUMMARY  PART  I 

Bureauwide  Course  7000-7 ,  May  and  December  1983  and  December  1984 ; 
^     Watershed  Rehabilitation;  Phoenix  Training  Center. 

Pre-Training  Survey  of  Managers  and  Supervisors 

A.   SUMMARY  OF  RELATED  NUMERICAL  RESPONSES. 


Section  A,  Parts  II  and  V 

Questions  asked  of         Se: 

cious 

Often  a 

Seldom  a 

Not  a 

No 

Managers  and  Specialists    Problem 

Problem 

Problem 

Problem 

Response 

Managers  -  "Data  are  too 

3 

34 

56 

4 

3 

Technical" 

Specialists  -  "Data  needs 

13 

32 

26 

14 

15 

unclear" 

Managers  -  "Problem  analysis 

7 

59 

28 

3 

3 

lacking" 

Specialists  -  "Needs  are 

0 

20 

43 

17 

20 

unclear" 

Managers  -  "Predetermined 

8 

58 

27 

4 

3 

point  of  view" 

Specialists  -  "Predetermined 

21 

30 

12 

12 

25 

point  of  view" 

• 

Managers  -  "Insensitive  to 

7 

20 

55 

11 

7 

needs" 

Specialists  -  "Insensitive  to 

A 

20 

40 

15 

21 

needs" 

Managers  -  "Briefing  skills 

4 

33 

49 

11 

3 

lacking" 

- 

Specialists  -  "Needs  are  clear' 

"  4 

8 

40 

30 

18 

Managers  -  "Naive  to  outside 

3 

45 

40 

8 

4 

pressures" 

Specialists  -  "Information 

5 

25 

30 

12 

28 

not  provided 

Managers  -  "Doesn't  understand 

8 

49 

34 

6 

3 

my  role" 

Specialists  -  "Doesn't  under- 

18 

35 

11 

14 

22 

stand  my  role' 
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B.   COMPOSIT  CATEGORIES  OF  RELATED  NUMERICAL  RESPONSES. 


Section  A,  Parts  II  and  V 


Category 


II. 


III. 


IV. 


Briefing  skills 

a. 

Managers 

37 

and  expectations. 

b. 

Specialists 

28 

c. 

Composit 

33 

Problem-solving 

a. 

Managers 

60 

skills,  attitudes 

b. 

Specialists 

35 

and  expectations. 

c. 

Composit 

48 

Quality  of 

a. 

Managers 

27 

communication , 

b. 
c. 

Specialists 
Composit 

24 

and  interaction. 

26 

Role  understanding 

a. 

Managers 

58 

and  expectations. 

b. 

Specialists 

53 

c. 

Composit 

55 

Percent  of  Total  Responses 

Serious  or    Little  or     No 
some  concern  no  concern  response 


60 
55 
58 

37 
41 
39 

66 
56 
61 

40 
25 
32 


3 

17 

9 

3 

24 
13 

7 
20 

13 

2 
22 

13 
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C.   COMPOSIT  CATEGORIES  OF  RELATED  NARRATIVE  RESPONSES 

Section  A,  Parts  I-B  and  IV-B  (Barriers  to  Communication) 

Percent  of  Total  Responses 

Concerned     Concerned 
Category  Managers     Specialists 

I.  Barriers  Related  to  Briefing  Skills  and      49  20 
Expectations. 

II.  Barriers  Related  to  Problem-solving  Skills    18  13 
and  Expectations. 

III.  Barriers  Related  to  Quality  of  Communlca-     15  24 
tlon,  Interaction,  and  Attitudes. 

IV.  Barriers  Related  to  Technical  Knowledge,       0  34 
Skills  and  Ability. 

V.  Barriers  Related  to  Organization  Structure     3  4 
and  Dispersed  Office  Locations. 

VI.  No  Responses  to  this  Question.  15  5 
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D.   COMPOSIT  CATEGORIES  OF  RELATED  NARRATIVE  RESPONSES 

Section  A,  Part  I-C  and  IV-C  (Decisionmaking  Role  and  Process) 

Percent  of  Total  Responses 

Concerned       Concerned 
Category  Managers       Specialists 

I.  Concerns  Related  to  Personal  Values  and       7  56 
Attitudes. 

II.  Concerns  Related  to  Role  Clarity  and         7  9 
Acceptance. 

III.  Concerns  Related  to  Problem-solving  Skills   32  10 
and  Expectations. 

IV.  Concerns  Related  to  Multiple-Use  48  9 
Relationships. 

V.  No  Response  to  this  Question.  6  16 
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E.   COMPOSIT  CATEGORIES  OF  RELATED  NARRATIVE  RESPONSES 

Section  A,  Part  I-D  and  IV-D,  (What  Needs  to  Improve) 

Percent  of  Total  Responses 

Concerned  Concerned 

Category                                Managers  Specialists 

I.  Related  to  Improved  Briefing  Techniques        8  24 

II.  Related  to  Improved  Interpersonal  Skills      8  18 

III.  Related  to  Improved  Role  Understanding        7  17 

IV.  Related  to  Sharing  of  Values  and  Expectations  12  0 

V.  Related  to  Improved  Technical  Skills          2  8 

VI.  Related  to  Improved  Organizational  and        22  4 
Multiple  Use  Awareness. 

VII.  Related  to  Improved  Problem-solving  Skills    29  26 

VIII.  No  Response  to  this  Question.               12  3 
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DATA  SUMMARY  PART  II 

Bureauwide  training  Course  No.  7000-7,  May  and  December  1983  and  December 
1984;  Watershed  Rehabilitation,  Phoenix  Training  Center. 

A.  Attendee  Narrative  Responses,  Section  A,  Part  I-A;  What  is  (or  is 
not)  known  about  managers  information  needs? 

A  total  of  64  responses  from  72  attendees  are  shown  in  this  section. 
Of  the  64  responses,  53  indicate  areas  of  concern.   These  are 
summarized  into  six  categories  shown. 


Percent  of  responses 


concerned  attendees 

Category 

15 

Concerns  related  to 

43 

Concerns  related  to 

5 

Concerns  related  to 

24 

Concerns  related  to 

6 

Concerns  related  to 

7 

Concerns  related  to 

technical  issues, 
values,  roles  and  goals, 
multiple  use  concepts, 
briefing  issues, 
interpersonal  issues, 
problem-solving  issues. 


B.  Manager  Narrative  Responses,  Section  A,  Part  IV-A;  as  to 
decisionmaking  or  influencing  decisionmakers. 

This  question  will  be  dropped  from  future  pre-training  questionnaires 
for  course  7000-7.   The  data  adds  little  to  the  intent  of  the 
pre-training  survey.  It  does  however,  provide  an  insight  to  role 
perceptions  of  managers.   The  data  are  summarized  into  four  categories 
shown  below: 


Percent  of 
Responses 

45 
41 

8 

6 


Category 

A  decisionmaker 

An  influencer  of  decision  makers 

Both  a  decisionmaker  and  an  influencer 

No  response  to  the  question. 


Unfortunately,  it  was  not  practical  at  the  time  to  identify  the 
organizational  location  of  the  managers  who  responded.   If  we  had  done 
so,  we  could  have  compared  the  perceived  role  as  shown  in  the  responses, 
with  the  Bureaus'  role  expectations  of  the  managers  position  title,  job 
series,  and  location  in  the  organization  structure^ 
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C.  Manager  narrative  responses,  Part  IV-E;  What  are  the  laformatlon 
needs  of  managers. 

A  total  of  52  responses  from  73  managers  are  shown  in  this  section. 
Of  the  52  responses,  50  indicate  specific  needs.   These  are  summarized 
into  five  categories  shown  below: 

Percent  of 

Responses  Category 

8  Related  to  technical  issues. 

24  Related  to  problem  definition  and  impact(s). 

40  Related  to  alternative  solutions. 

16  Related  to  cost /benefit  and  AWP. 

12  Related  to  policy  and  resource  planning. 
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Section  C 


Data  Analysis 
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Data  Analysis  Part  I 

Bureauwide  Training  Course  No.  7000-7,  May  and  December  1983  and  December 
198A;  Watershed  Rehabilitation,  Phoenix  Training  Center. 

A.   Narrative  Responses   (Section  B,  Part  II-A) 

The  data  indicates  rather  clearly  that  73  percent  of  all  attendees,  and 
83  percent  of  attendees  responding  to  this  question  are,  for  one  specific 
reason  or  another,  not  on  the  same  "wave  length"  with  their  respective 
manager. 

This  is  a  significant  percentage,  given  the  notion  that  effective 
communication  between  the  resource  specialist  and  the  manager  is 
essential  to  effective  multiple-use  decisionmaking  in  our  decentralized 
organization  structure.   The  quality  and  timeliness  of  this  interaction 
is  the  backbone  of  rational,  defensible  decisions. 

In  this  first  question,  the  primary  areas  of  non-communication  are  shown 
clearly,  and  are  a  clue  to  the  actions  which  could  be  taken  to  begin  to 
increase  leader-follower  effectiveness. 

The  category  of  briefing  skills  is  one  which  cannot  be  entirely  addressed 
by  training  alone.   The  manager  and  the  specialist  must  both  possess  some 
skill  in  this  area,  to  arrive  at  a  decision  as  how  to  best  present 
certain  types  of  data  and  to  manage  group  behavior.   But,  the  most 
significant  action  to  be  taken  is  for  the  manager  and  specialist  to  share 
their  expectations  and  knowledge  of  format,  technique,  and  level  of 
detail. 

The  category  referred  to  as  "multiple-use  concepts"  indicates  a  lack  of 
sufficient  time  being  spent  by  managers  in  sharing  their  knowledge  of 
resource  interrelationships,  policy,  and  power/political  influences. 
This  is  not  to  say,  however,  that  the  specialist  does  not  have  an  equal 
responsibility  for  self -learning .   The  organization  expectations  of  a 
resource  specialist  in  this  Bureau  seldom  include  the  "purist"  mode  (no 
offense  intended) ,  which  may  be  more  appropriate  to  research-based 
organizations.   The  real  world  of  multiple-use  decisionmaking  on  public 
lands,  by  necessity,  must  recognize  the  real  world  of  conflicting  values 
and  resource  needs  which  are  ever  present. 

Another  category  is  related  to  values  and  goals.  As  introduced  above, 
the  conflict  of  individual  values  not  only  applies  to  conflicting  user 
"publics,"  but  among  the  decisionmakers  themselves.   The  absence  of 
sharing  this  information  on  a  continuous  basis,  as  an  integral  part  of  a 
participative  problem-solving  process,  is  usually  the  root  cause  of  most 
leader-follower  discontent  over  technical  and  policy  issues. 

The  category  of  technical  issues  is  representative  of  the  major  focus  for 
the  technical  content  of  course  7000-7.   In  this  question,  15  percent  of 
attendees  responding  chose  to  hold  the  manager  accountable  for 
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communicating  technical  information  needs.   If  the  manager  doesn' t  know 
what  is  needed  for  decisionmaking,  then  it  is  unlikely  the  specialist 
will  ever  be  content.  This  is  a  continuing  circle  of  discontent  that  can 
only  be  resolved  by  open,  two-way  communications. 

The  category  of  interpersonal  issues  is  the  expression  of  greatly 

deteriorated  leader-follower  relationships.  It  would  be  difficult  to 

surmise  cause  and  effect  without  first  hand  knowledge  of  both  parties 
involved . 

The  final  category  of  problem-solving  issues  relates  to  the  methodology 
of  problem-solving  itself  and  to  decisionmaking.   This  is  an  area  where 
skill  building  for  both  the  specialist  and  the  manager  would  likely  be 
productive.   In  this  area,  the  development  and  analysis  of  alternative 
solutions  seems  to  be  the  greatest  concern. 

B.  Narrative  Responses  (Section  B,  Part  II-C) 

Combining  four  of  the  five  categories,  this  shows  that  92  percent  of 
Manager  responses  are  concerned  with  problem-solving  and  decisionmaking 
in  one  fashion  or  another.   Similarly  combining  four  of  six  categories 
from  Section  B,  Part  II-A  show  that  79  percent  of  attendee  responses  are 
concerned  with  the  same  issues. 

The  methodology  of  problem-solving  and  decisionmaking,  and  the  briefing 
techniques  associated  with  displaying  the  results  of  these  thought 
processes,  are  some  part  of  the  concern  expressed  in  the  data.   These  are 
areas  of  skill  and  knowledge  and  acquired  experience.   Of  far  greater 
significance,  are  the  references  to  roles,  goals,  values,  and 
interpersonal  relationships.   These  four  issues  are  perhaps  separate 
academically  but  inseparable  in  their  effect  on  the  quality  and 
timeliness  of  decisionmaking. 

Data  Analysis  Part  II 

Bureauwide  Training  Course  No.  7000-7,  May  and  December  1983  and  December 
1984;  Watershed  Rehabilitation,  Phoenix  Training  Center. 

Narrative  Responses  (Section  B,  Part  I-E) 

These  data  which  addresses  what  areas  managers  and  specialist  would  like 
to  see  improved,  are  summarized  into  seven  (7)  categories. 

Presuming  that  percentage  distribution  of  responses  may  be  an  indication 
of  priority  of  concern.  The  top  four  categories  are  as  follows : 

Priority  of 

Concern  Managers  Specialists 

1.  Problem-solving  Problem-solving 

2.  Multiple-use  awareness       Briefing  Techniques 
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3.  Values  Interpersonal  skills 

4.  Briefing  techniques         Roles 

Agreeing  on  the  top  category  is  a  good  start.  Unfortunately,  the 
agreement  is  about  the  most  easily  solved  communication  skill  issue. 
Presuming  that  role  considerations  and  briefing  techniques  are  an 
integral  part  of  problem-solving  concerns  and  that  values  are  the  real 
issue  in  concerns  for  multiple-use  awareness,  then  each  side  of  the 
formula  has  three  priorities,  two  of  which  are  held  in  common.   There  are 
now  four  issues  in  common  which  could  be  listed  as  follows : 

1.  Problem-solving  skills  and  role  considerations. 

2.  Multiple-use  awareness  and  values  considerations. 

3.  Interpersonal  communication  skills. 

4.  Briefing  skills  and  techniques. 

Briefing  skills  and  techniques  and  improved  interpersonal  communication 
skills  can  perhaps  be  favorably  impacted  through  various  formal  training 
ventures.   The  effects  of  role  ambiguity  and  value  conflicts  as  they 
relate  to  multiple-use  problem-solving  and  decisionmaking  are  far  more 
difficult  to  not  only  diagnose,  but  to  work  on  and  improve  upon.   The 
first  two  fit  into  one  training  agenda,  and  the  latter  two  fit  into  a 
category  which,  historically,  can  only  be  improved  through  the  "working 
on  work"  techniques  centered  around  participative  group  processes. 

Data  Analysis  Part  III 

Bureauwide  Training  Course  No.  7000-7,  May  and  December  1983  and  December 
1984;  Watershed  Rehabilitation,  Phoenix  Training  Center. 

Narrative  Responses  (Section  B,  Part  I-C) 

These  data  which  addresses  perceived  barriers  to  communications,  are 
summarized  into  five  primary  categories. 

The  percentage  of  specialists  expressing  a  perception  of  barriers  is 
rather  evenly  spread  among  four  of  the  five  categories.   This  spread,  in 
relation  to  its  distribution,  shows  some  disimilarity  with  the  common 
categories  of  Section  A,  Part  I-B.   For  example ,  Section  B,  Part  I-C 
shows  that  34  percent  of  concerned  specialists  pointed  to  barriers 
associated  with  technical  issues,  but  Section  A,  Part  I-B  indicates  that 
only  approximately  17  percent  of  respondents  were  unclear  about  technical 
issues.   It  would  be  my  judgment  that  this  combination  points  to  value 
differences  over  technical  issues  being  the  more  significant  "barrier." 
The  apparent  lack  of  communication  is  evidenced  by  the  fact  that  0 
percent  of  managers  felt  this  was  a  barrier. 
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Of  significance  also,  is  the  concern  by  managers  (A9  percent)  for 
briefing  skills  and  format.   Specialists,  however,  show  only  20  percent 
of  respondents  indicating  that  this  is  an  area  of  concern. 

The  disparity  in  responses  for  the  remaining  categories  indicate  a 
considerable  gap  in  the  expectations  of  managers  and  specialists,  and  to 
the  extent  they  are  communicating,  they  may  be  communicating  about  the 
wrong  issues. 

The  following  illustration  is  of  a  basic  vector  model.   The  model  shows  a 
commonly  found  disparity  in  understanding  and  commitment.   It  would  be 
safe  to  assume  that  attempts  to  communicate  on  any  issue  not  held  in 
common  need  would  result  in  even  further  frustration. 


NEEDS  OF  THE  MANAGER  (S) 

NOT  COMMITTED  TO  ORGANIZATION  OR  EMPLOYEE  (S)  NEEDS 


INDIVIDUAL  AGENDAS 


I /THE  ORGANIZATION'S  NEEDS 
NOT  COMMITTED  TO  THE  MANAGER  (S)  OR  EMPLOYEE  (S)  NEEDS 


INDIVIDUAL  AGENDAS 


NEEDS  OF  THE  EMPLOYEES  (S) 

NOT  COMMITTED  TO  THE  ORGANIZATION  OR  MANAGER  (S)  NEEDS 
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Data  Analysis  Part  IV 

Bureauwlde  Training  Course  No,  7000-7,  May  and  December  1983  and  December 
1984;  Watershed  Rehabilitation,  Phoenix  Training  Center. 

Narrative  Responses  (Section  B,  Part  I-D) 

These  data  which  addresses  perceived  concerns  about  roles  and 
decisionmaking,  are  summarized  into  four  categories. 

The  significant  point  to  raise  in  this  comparison  is  that  the 
distribution  of  concerned  managers  is  virtually  180%  opposite  from  that 
of  specialists.   For  example,  the  greatest  apparent  concern  of 
specialists  is  confusion  over  the  personal  values  and  attitudes  of  the 
managers,  as  these  factors  relate  to  decisionmaking.   On  the  other  hand, 
the  greatest  apparent  concern  of  managers  is  the  specialists  sensitivity 
to  the  balance  of  multiple-use  relationships,  also  as  they  relate  to 
decisionmaking . 

One  could  also  argue  that  these  are  not  opposing  views,  but  are  in 
perfect  alignment.   To  the  extent  we  accept  the  notion  that  an  expressed 
view  of  multiple-use  relationships  is  founded  in  a  set  of  personal 
values,  we  also  accept  these  two  Issues  as  one. 

Setting  aside  Issues  such  as  formats  for  displaying  alternatives  and  the 
like,  one  could  also  argue  that  the  remaining  two  categories  are  also 
more  closely  aligned  than  the  percentage  distributions  Indicate. 
Consider  the  notion  that  perceived  concerns  related  to  problem-solving 
process  may  indeed  be  based  on  role  issues  centered  around  who  is 
expected  to  supply  what  types  of  input  to  the  problem-solving  process. 

This  particular  grouping  can  be  arrayed  in  apparent  order  of  significance 
as  follows: 

1.  Roles  3.  Briefing  techniques 

2.  Problem-solving  4.   Interpersonal  skills 
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Summary 
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Recommendations 


^ 


K; 


Part  I.  Summary 

Bureauwide  Training  Course  No.  7000-7,  May  and  December  1983,  and 
December  1984;  Watershed  Rehabilitation,  Phoenix  Training  Center. 

The  responses  to  the  questionnaire  arrayed  in  various  narrative  and 
tabular  displays,  point  to  a  well  substantiated  set  of  four  conclusions 
concerning  manager-specialist  communication. 

The  first,  and  by  far  the  most  significant  conclusion,  is  that  managers 
and  specialists  are  experiencing  the  greatest  frustration  because  they 
are  not  successfully  communicating  about  the  "right"  issues.   They  are 
not  conversing  in  a  common  language  from  common  values  and  expectations, 
nor  are  they  conversing  frequently  enough. 

The  second,  is  that  managers  and  specialists  are  experiencing  frustration 
with  each  others  interpersonal  competence  about  as  much  as  might  be 
expected. 

The  third,  is  that  managers  and  specialists  are  experiencing  a  lesser 
degree  of  frustration  over  purely  technical  issues  than  might  have  been 
predicted. 

The  fourth,  is  what  managers  and  specialists  are  experiencing  the  least 
degree  of  frustration  over  appropriate  briefing  skills  and  techniques. 

In  relation  to  the  first  assumption,  those  issues  about  which  the 
greatest  frustration  level  is  evident  are: 

1.  Communicating  to  each  other,  personal  values  and  bias  associated  with 
multiple-use  on  public  lands,  especially  as  they  relate  to  tradeoffs  of 
"ideal"  situations  for  any  given  renewable  or  non-renewable  resource. 

2.  Communicating  to  each  other,  personal  values  and  bias  associated  with 
the  influence  of  political  and  pressure-group  forces  on  multiple-use 
decisionmaking . 

3.  Communicating  to  each  other,  perceived  role,  values,  and  bias 
associated  with  the  problem  solving  and  decisionmaking  processes,  as  the 
issue  relates  to  problem  definition  and  providing  a  range  of  creative 
alternatives. 

As  mentioned  previously,  the  primary  issue  is  not  of  intensive  skill 
building,  although  certainly  this  does  come  into  play,  but  rather  an 
issue  of  a  commitment  to  openly  communicating  ideas,  values,  and 
expectations.  As  we  find  so  often  in  dealing  with  communication 
problems,  it  is  the  underlying  values  and  expectations  of  involved 
individuals  which  seldom,  if  ever,  are  shared  by  parties  in  conflict. 
The  key  then  is  to  share  these  things  early  and  continuously,  so  that 
they  become  real  and  legitimate  and  not  part  of  a  set  of  false 
assumptions.   This  is  the  basic  premise  in  building  a  sound  relationshiip 
which  approaches  the  conflicts  inherent  to  multiple-use  decisionmaking 
with  a  creative,  positive,  and  productive  attitude. 
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Part  II  -  Recommendations 

Bureauwlde  Training  Course  No.  7000-7,  May  and  December  1983,  and 
December  198A;  Watershed  Rehabilitation,  Phoenix  Training  Center. 

Five  basic  recommendations  are  suggested  below,  as  well  as  a  brief 
explanation  of  how  the  subjects  were  presented  in  course  7000-7. 

1.  Briefing  Skills  and  Techniques 

Certainly  the  first  recommendation  is  for  managers  and  specialists  to 
share  with  each  other  their  preferences  and  needs  in  this  area.   Each 
should  acquire  a  basic  level  of  skill  in  public  speaking  and  briefing 
techniques.   To  me,  this  is  critical  for  virtually  every  technical, 
supervisory,  and  managerial  position  in  the  Bureau.   Many  low-cost 
courses  are  on  the  market  and  Toastmasters  International  is  highly 
recommended.   In-house  instructor  capability  exists  in  some  states. 

For  course  7000-7,  this  issue  was  only  briefly  addressed  in  the  time 
available,  and  was  practiced  through  the  group  presentation  phase  the 
last  day  of  the  program.   Feedback  from  the  manager  audience  was 
particularly  helpful. 

2.  Interpersonal  Competence 

There  is  little  that  could  be  accomplished  in  this  area  in  such  a  short 
time  frame  as  is  available  in  the  7000-7  course.   In  addition,  this  type 
of  course  segment  is  far  less  effective  than  addressing  the  subject  in  a 
one  or  two-day  concentrated  program  or  as  part  of  a  teambuilding  program. 

To  me,  this  is  also  critical  for  every  employee.   The  key  is  awareness  of 
your  own  bias,  your  own  interpersonal  needs,  your  own  unique  style,  and 
your  impact  on  others,  discovered  through  learning  and  practicing  the  art 
of  feedback. 

For  course  7000-7,  this  issue  was  addressed  in  a  brief  segment  on 
feedback  and  the  use  of  several  brief  instruments  to  open  the  door  to 
Interpersonal  communication  awareness. 

For  back-home  application,  I  suggest  a  long-term  investment  in  increasing 
interpersonal  awareness  which  can  be  designed  for  a  specific  office  by 
state  Organization  Development  Specialists  or  outside  vendors.   The  key 
is  a  program  designed  for  specific  office  needs — not  generic  "courses" 
which  have  little  lasting  utility. 

3.  Technical  Issues 

While  this  may  not  on  the  surface,  appear  to  be  an  issue  involving 
communications  effectiveness,  there  are  indeed  very  strong  indications 
that  this  is  part  of  the  set  of  symptoms  leading  to  the  conclusion  that 
managers  and  specialists  are  not  communicating  about  the  right  issues  or 
communicating  in  a  common  language. 
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Some  specialists  attribute  their  frustration  to  an  apparent  lack  of 
technical  knowledge  by  the  manager.   This  myopic  view  of  the  real  world 
evades  the  role  issue  which  states  that  the  specialist  is  employed  to 
make  recommendations  based  on  whatever  technical  data  is  available,  not 
to  engage  the  manager  in  a  discussion  of  technical  data  as  if  the  manager 
were  a  peer  professional.   Managers  on  the  other  hand,  far  too  often 
spend  an  inordinate  amount  of  time  nit-picking  a  data  base,  losing  sight 
of  the  decision  to  be  made. 

Continuing  technical  training  is  essential  for  the  specialist  and  it 
would  also  be  useful  for  specialists  to  periodically  brief  managers  on 
the  basics  of  technical  areas  that  the  manager  may  not  be  overly  familiar 
with. 

The  point  to  be  made  is  that  managers  and  specialists  must  display  the 
mature  professionalism  needed  to  share  information  about  technical 
concerns  and'  "differences"  in  an  open  up-front  manner. 

4.   Problem  Solving  and  Decisionmaking 

This  area  is  one  which  involves  skill  building  in  technique,  as  well  as 
specialist /manager  communication  over  expectations.   The  skill  building 
aspect  involves  the  learning  of  various  techniques  of  problem  analysis, 
problem  identification,  problem  clarification,  creative  approaches  to 
finding  solutions,  and  selecting  and  displaying  alternatives.   In  other 
words,  managing  a  participative  thought  process  which  ultimately  leads  to 
a  decision.   Many  low-cost  alternatives  are  on  the  market  for  formal 
training  in  this  area.   However,  I  feel  strongly  that  this  subject  is 
best  introduced  and  practiced  by  an  internal  Organization  Development 
Specialist  or  outside  vendor  as  a  part  of  a  designed  teambuilding 
program.  This  approach  permits  a  group  of  individuals  who  work  together 
continuosuly  (area  office,  district,  divisions,  etc.)  to  learn  and 
practice  these  skills  as  well  as  those  skills  associated  with 
interpersonal  competence  together  as  a  group. 

For  course  7000-7,  we  addressed  this  subject  only  briefly  in  a  short 
segment,  and  practiced  a  few  new  ideas  and  techniques  through  the  group 
problem  solving  and  presentation  phase  the  last  day  of  the  program. 
Feedback  from  the  manager  audience  again  was  particularly  helpful. 
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5.   Personal  Values  In  Resource  Management 

This  is  by  far  the  most  difficult  area  to  deal  with  in  attempting  to 
enhance  communication  effectiveness.   It  is,  however,  the  most 
significant  of  all  the  issues  managers  and  specialists  have  difficulty  in 
communicating  about.  As  such,  it  should  command  our  attention  at  all 
levels  of  the  Bureau. 

Each  manager  and  specialist  approaches  the  decisionmaking  process  with  a 
set  of  personal  beliefs  and  a  commitment  to  the  "public  good."  When 
conflict  occurs  about  competing  uses  of  public  lands  and  the  influence  of 
political  and  pressure  group  forces,  the  all  too  frequent  assumption  made 
is  that  the  other  party  is: 

1.  Incompetent  4.   Poor  decisionmaker 

2.  Unknowledgeable  5.   Other  (negative  adjective) 

3.  Unconscious  6.   All  the  above 

Essentially  all  that  is  occurring  in  the  conflict  is  non-acceptance  of  an 
opposing  point  of  view,  without  any  recognition  that  there  are  likely  to 
be  such  conflicts  frequently  and  that  each  point  of  view,  to  the  person 
holding  it,  is  legitimate  and  real. 

The  key  to  overcoming  such  counterproductive  conflict  is  to  share  our 
resource  management  values  openly  and  continually,  so  that  we  recognize 
them  in  each  other,  respect  them,  accept  them,  and  move  to  conflict 
resolution  far  more  quickly  and  effeciently.   By  doing  so,  we  can  focus 
on  the  decision  to  be  made  rather  than  the  lack  of  ability  and/or  sanity 
of  the  other  person,  simply  because  he/she  disagrees  with  us. 

Skill  building  in  feedback  techniques  and  enhanced  interpersonal 
awareness  are  the  keys  to  success,  and  the  courage  to  take  the  risk  of 
opening  yourself  up  to  understanding  differences.   Some  key  principles  of 
conflict  resolution  need  to  be  practiced  back-home.   For  each  manager  and 
specialist,  one  principle  is  to  try  and  understand  what  difference  do 
differences  make?  What  happens  to  us  when  we  are  disagreed  with?  What 
makes  us  angry,  and  why  does  it  make  us  angry?  Why  do  you  notice  the 
things  that  you  notice  in  other  people? 

Simply  put,  the  back-home  recommendation  is  to  concentrate  on  conflict 
managing  skills  through  formal  coursework,  or  better  yet,  through 
organizational  teambuilding . 

For  course  7000-7,  two  short  segments,  one  on  values  clarification  and 
one  on  conflict  resolution/awareness  preceded  the  group  problem-solving 
phase  on  the  last  day  of  the  program.   Participants  practiced  the 
principle  of  "non-discounting  bias  announcements"  in  their 
presentations.   The  manager  audience  was  instructed  to  share  like 
information  and  to  provide  useful  feedback,  which  they  willingly  did. 
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Pre-training  Questionnaire  for  the  Managers  of  Soil  and  Water  Specialists 


Dear  Manager, 

Part  of  our  training  course.  Bureau  Course  7000-7  "Watershed  Rehab- 
ilitation," includes  a  module  on  improving  communication  between  resource 
specialists  and  managers.  In  designing  this  module,  we  would  appreciate  your 
input  in  order  to  prepare  realistic  examples.  Responses  will  be  kept 
confidential . 

Please  answer  the  following  questions  and  return  this  questionnaire  to  me 
in  the  enclosed  self-addressed  envelope  by  November  16, 

Thank  you. 


Bruce  Van  Haveren,  D-471 
Training  Program  Leader 


Please  discuss  the  following: 


A)   In  your  situation,  what  are  the  primary  needs  for  information  from  your 
resource  specialist!  s);  i.e.,  what  do  you  want  to  know? 


B)   In  your  situation,  what  factors  appear  to  cause  communication  barriers 
with  your  resource  special ist(  s)? 


C)   What  would  you  like  resource  specialists  to  better  understand  about  your 
decision-making  process? 
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D)  As  a  result  of  this  training  course,  what  is  one  improvement  you  would 
^       like  to  see  in  the  nature  of  communication  with  resource  specialists? 


Some  of  the  kinds  of  problems  managers  of  resource  specialists  could  have  in 
the  communication  process  are  discussed  below.  Please  indicate  the  serious- 
ness of  these  situations  in  your  experience  by  circling  the  appropriate 
numerical  rating.  If  possible,  please  describe  the  impact  this  problem  has 
had  on  your  work.  This  would  greatly  aid  the  examples  used  in  the  workshop. 

1.  Specialists  often  present  information  that  is  too  technical  to  be  usefully 
interpreted  by  others. 

serious  often  a  seldom  a  not  a 

7 6 5 4 3 2 1_ 

problem  problem  problem  problem 

Example:  


¥ 


2.  Specialists  seldom  discuss  the  advantages  and  disadvantages  of  several 
alternatives. 

serious  often  a  seldom  a  not  a 

7 6 5 4 3 2 1 

problem  problem  problem  problem 

Example: 


3.  Specialists  have  a  tendency  to  argue  one  point  of  view  and  seldom  present 
managers  with  a  range  of  choices. 

serious  often  a  seldom  a  not  a 

7 6 5 4 3 2 1 

problem  problem  problem  prob 1  em 

Example: 
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4.  Specialists  are  insensitive  to  the  needs  and  emotional  issues  of  other 
members  in  a  discussion. 

serious  often  a  seldom  a  not  a 

7 6 5 4 3 2 1 

problem  problem  problem  problem 

Example:  


5.  Specialists  often  do  not  provide  visual  aids  that  facilitate  understanding 
the  problem  or  consequences  of  suggested  recommendations. 

serious  often  a  seldom  a  not  a 

7 6 5 4 3 2 1 

problem  problem  problem  problem 

Example:  


6.  Specialists  seldom  provide  me  with  adequate  arguments  to  use  in 
influencing  other  power  groups. 

serious  often  a  seldom  a  not  a 

7 6 5 4 3 2 1 

problem  problem  problem  problem 

Example:  


7.     Specialists  do  not  understand  the  nature  ?nd  complexity  of  my 
decision-making  role. 

serious  often  a  seldom  a  not  a 

7 6 5 4 3 2 1 

problem  problem  problem  problem 

Example:  


Other  comments  and  suggestions  are  wel cornel 
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Pre-traim'ng  Questionnaire  for  Bureau  Course  7000-7  Attendees 

Dear  Participant, 

Part  of  our  training  course.  Bureau  Course  7000-7  "Watershed  Rehabilita- 
tion" includes  a  module  on  improving  communication  between  resource  special- 
ists and  managers.      In  designing  this  module,  we  would  like  your  input  so 
that  we  can  better  meet  your  needs.     Responses  will   be  kept  confidential . 

Please  answer  the  following  questions  and  return  this  form  to  me  in  the 
enclosed  Scl f-addressed  envelope  by  November  16. 

Thank  you. 


Bruce  Van  Haveren,  D-471 
Training  Program  Leader 

1.  In  what  ways  are  you  unclear  about  the  kind  of  information  that  your 
manager  needs  to  influence  others  or  reach  decisions  regarding  soil  and 
water  issues? 


i 


2.  What  do  you  think  the  major  communication  barriers  are  in  understanding 
the  information  you  have  to  present  to  your  manager  and  other  specialists? 


3.  In  what  ways  are  you  unclear  about  your  manager's  decision-making  process? 


4.  As  a  result  of  this  workshop,  describe  two  things  you  would  like  to  be 
able  to  do  better  in  the  area  of  communicating  with  your  manager. 


• 
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Some  of  the  kinds  of  problems  managers  of  resource  specialists  could  have  in 
the  communication  process  are  discussed  below.  Please  indicate  the  serious- 
ness of  these  situations  in  your  experience  by  circling  the  appropriate 
numerical  rating.  If  possible,  please  describe  the  impact  this  problem  has 
had  on  your  work.  This  would  greatly  aid  the  examples  used  in  the  workshop. 

1.  Manager  is  not  clear  on  needs  and  desires  for  technical  data. 

serious  often  a  seldom  a  not  a 

7  6 5  4 3     .    2 1_ 

problem  problem  problem   '•         problem 

Example:  


2.     Manager  is  not  clear  on  format  desired  for  discussion  of  the  advantages 
and  disadvantages  of  alternati*^<?s. 

serious  often  a  seldom  a  not  i 

7       6 5 4 3       2       1 

problem  problem  problem  problem 

Example:  ^ 


3.  Manager  has  a  tendency  to  support  one  predetermined  point  of  view  and 
resists  other  choices. 

serious  often  a  seldom  a  not  a 

7       6         5 4 3 2 1 

problem  problem  problem  problem 

Example: 


4.  Manager  is  insensitive  to  the  needs  and  emotional  issues  of  resource 
specialists  in  a  discussion. 

serious  often  a  seldom  a  not  a 

7 6        5 4 3 2 1 

problem    ~     problem  problem  problem 

Example:  
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5,  Manager  is  not  clear  on  desires  for  visual  or  other  aids  that  facilitate 
understanding  the  problem  or  consequences  of  suggested  recommendations. 


serious 
7 

6 

often  a 
5 

4 

seldom  a 
3 

2 

not  a 
1 

problem 
Example; 

problem 

problem 

problem 

- 

6.  Managers  do  not  provide  specialists  with  adequate  information  relative  to 
the  influence  of  outside  groups  on  the  issue  at  hand. 


serious 

7 

6 

often  a 
5 

4 

seldom  a 
3 

2 

njot  a* 

1 

problem 

problem 

problem 

prob 1  em 

7.  Manager  doesn't  understand  the  nature  and  complexity  of  my  specialist  role, 


serious 

7 

6 

often  a 

5 

4 

seldom  a 
3 

2 

not  a 

1 

i 

problem 
Example: 

problem 

problem 

problem 

Your  comments  and  suggestions  are  welcome! 
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